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Abstract

Objectives. The application of technology in sports, including combat sports, is increasing rapidly. This study aimed
to determine the validity and reliability of digital punch-measuring tools in young combat athletes.

Materials and methods. A total of 28 participants, consisting of 9 males (age 15.88 + 1.6 years, height

162.56 + 6.8 cm, weight 55.2 + 10.2 kg, BMI 20.7 + 2.5, PBF 14.57 + 4.5 %) and 19 females (age 14.5 + 1.5 years,
height 154.3 + 5.4 cm, weight 48.6 + 8.5 kg, BMI 20.4 + 3.2, PBF 27.4 £ 6.5 %) from the martial arts branch involved
in the study and were included in data collection. The method used in this study was the Pearson Product-Moment
Correlation Coefficient, analyzed using Minitab version 21. All research subjects engaged in a warm-up routine
before performing three punches with both their right and left arms.

Results. The findings of this study indicate positive validity (right 0.856, left 0.875) and reliability (right 0.8037, left

0.8209) in measuring both right and left punches.

Conclusions. Thus, digital punch measuring tools can be used for training to improve punches and as an initial test
tool for implementing effective training programs and monitoring the development of combat athletes.

Keywords: digital punch measuring tools, martial arts sports, young athletes.

Introduction

Martial arts is a popular sport in various countries
(Bishop et al., 2013; Rydzik et al., 2024; Vertonghen &
Theeboom, 2010). This sport requires good aerobic and
anaerobic abilities, especially for the explosive power and
strength components (Chaabéne et al.,, 2015). This is related
to the athlete’s explosive movement ability when kicking and
punching an opponent (Walilko et al., 2005). For example,
in the sport of boxing, where quality punching movements
are the main movement that determines victory during a
fight (Chaabene et al., 2015). According to (Lenetsky et al.,
2013) the ability to produce high levels of muscle strength

© Budijono, A. P, Puspitaningayu, P., Kurniawan, W. D.,
Firmansyah, A., Ayubi, N., Arsapakdee, K., & Putro, A. B.,
2024.
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is the key to success in punching movements, especially in
professional boxing. Apart from that, many previous studies
also explain that the strength of the blow is a determining
factor in the outcomes of the fight (Bianco et al., 2013).
Unfortunately, specific measurements of punch strength
in youth martial arts sports are still limited. Young athletes
themselves are still not at their peak in terms of ability, so
their developmental characteristics are important to measure
and monitor (Difiori et al., 2014). Monitoring the number of
hours of exercise and the movement techniques used may
play a role in reducing the risk of injury (Demorest et al.,
2016). Meanwhile, due to limited costs and facilities, most
punch strength is only measured conventionally using similar
movement methods, such as push-ups and bench presses.
However, it is felt that this is still unable to describe specific
muscle groups and movements in martial arts, considering
that the muscle involvement when hitting is more complex.
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It is proven from research findings (Lopez-Laval et al., 2020)
that several variables are not related between bench press
ability and rear arm punch speed. There needs to be a tool
that can be measured digitally to optimize it.

For several decades there have been tools used to measure
punch strength, including heavy bags, force plates, strain
gauge-based measurement systems, and accelerometers
(Falco et al., 2009; Pedzich et al., 2006). However, each of
these tools still has several shortcomings to be implemented,
ranging from cost, operation, and data collection to the
methods used. For example, research conducted (Lopez-
Laval et al.,, 2020) to measure punching performance only
used punch speed as an indicator, while the force generated
from the punch has not yet been assessed. In another study,
force measurements were carried out using modified force
plates that was attached to the wall with a body protector
coated on the outside to minimize hard impacts that could
cause injury to athletes (Loturco, 2016). However, this
method is only limited to certain punching movements
such as jab and straight, while the types of punches involved
in combat sports vary greatly. Apart from that, the target
designed for this tool is still limited to one point, while we
know that in martial arts sports, the target of the blow is on
the opponent’s body in more than one place and requires
precise and fast timing to deliver the blow based on the
opportunities obtained during the fight.

To overcome some of these obstacles, we are developing
a tool for measuring punch strength in martial arts
athletes called Sansak Digital or Sandit (Surabaya State
University, Surabaya, Indonesia). This tool uses the same
measurement method as (Del Vecchio et al., 2022), where
there are plates, foam, and pressure sensors using a load
cell, which is integrated with software on a laptop via a USB
cable connection. Even though the Sandit does not have an
accelerometer, this tool has the advantage of having 4 hitting
target points that depict the opponent’s body segments
and is equipped with reaction action indicator lights so
that it can specifically train athletes’ martial arts punching
techniques and reaction speed simultaneously. Considering
the importance of validity and reliability of a tool (Aragon-
Vargas, 2000; Firmansyah et al., 2024). Currently, the
weakness of Sandit is that there is no tool reliability testing
that can strengthen the reasons for using this tool in the
training process and testing.

Therefore, this study aims to test the validity and
reliability of digital sansak on young athletes in martial arts
sports. If this tool is proven to have a good level of reliability,
it can be a solution to some of the problems experienced by
previous test tools.

Material and Method

Participant

A total of 28 people with composition, 9 men (age
15.88 + 1.6, height 162.56 + 6.8, weight 55.2 + 10.2, BMI
20.7 + 2.5, PBF 14.57 £ 4.5) and 19 women (age 14.5 £ 1.5,
height body 154.3 +5.4, weight 48.6 + 8.5, BMI 20.4 + 3.2,
PBF 27.4 £ 6.5) from the martial arts branch participated in
data collection. The method in this research uses the Pearson
Product validity and reliability test with Minitab software
version 21. The inclusion criteria for this research are the

number of years of experience. Had no history of injury
to either the upper or lower extremities during the study
(Ambrozy et al., 2022) tactics, and movement structure, and
requires an adequate level of motor skills as a foundation
for activities during competitions. General physical fitness,
defined as the effect of the externalization of motor skills, is
the basis for athletic training regardless of the sport. The aim
of this study was to determine the effect of modified training
based on the principles of CrossFit on the development of
general physical fitness in a group of kickboxers compared
to a control group. Methods: The study was experimental
in nature and was conducted in a group of 60 kickboxers,
divided into experimental and control groups. Participants
were selected by purposive sampling, and the criteria were
training experience, sports skill level (minimum class
1 athletes. This research has received ethical permission
from Number: 795/KEP. 01/UNISA-BANDUNG/V/2024,
referring to the Declaration of Helsinki.

Procedure

Before data collection, all athletes filled out informed
consent, a sports injury screening using modified questions
from (Fuller et al., 2006). Next, they tested height using
Metrisis (Surakarta, Indonesia) and body composition using
InBody 270 (Seoul, South Korea). After that, they were asked
to warm up for 30 minutes and hit the digital punch three
times each on the right and left arm in succession. Each
person who makes a punch has their strength calculated on
a tool with a load cell system installed behind the pad on the
Sandit and recorded automatically in the internal software.
The force applied to the plate or pad is then sent via a USB
cable connected to a laptop into Newton’s (N) data.

Statistical Analysis

This research uses the Pearson correlation validity and
reliability test. After all the data has been collected, it goes to
the analysis stage using Minitab version 21 (Pennsylvania,
USA) with the Anderson-Darling normality test method
to determine the overall data distribution. The Pearson
Correlation Product was chosen because the data obtained
was normally distributed and then entered the validity testing
stage with a CI of 95% and an r-table value = 0.37 from a
total of 28 subjects. This validity testing method is the same
as that used in previous studies (Deiss et al., 2024; Sahu et al.,
2024) in clinics without an IKD, clinicians default to using
handheld dynamometers (HHD). Referring to (Ferreira et
al., 2021) which can provide valid information to implement
effective treatment and exercise training. The purpose of
the study was to examine the instrumental validity of the
hanging scale (HS research, the reliability test in this study
uses Cronbach’s Alpha with a value of > 0.7, so the reliability
test can be fulfilled). Testing of the validity and reliability of
punch strength was carried out on each side, both the left
and right arms. Data is presented in the form of means and
standard deviation.

Results

Below is a table containing the characteristics of the
subjects who participated in this research:
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Table 1. Characteristic of Participant

Age (years) Weight (kg) Height (cm) BMI PBF (%)
Male 15.88 + 1.69 55.20 £ 10.11 162.56 + 6.84 20.74 £ 2.50 14.57 + 4.52
Female 14.57 £ 4.57 48.66 + 8.53 154.37 £ 5.46 20.41 £ 3.28 27.40 £ 6.54

Notes: BMI = Body Mass Index, PBF = Percent Body Fats

Validity Results

The results of this study show that all r-values exceed
the r-table value with a total of 28 subjects (0.37). It can be
seen from table 1 where the right punch value after statistical
testing uses Pearson’s to test the level of validity of the digital
sansak with r-values in sequence Trial 1 (0.83), Trial 2 (0.88),
and Trial 3 (0.85). Meanwhile, the results of the left blow can
also be seen from Trial 1 (0.82), Trial 2 (0.91), and Trial 3
(0.87).

Table 2. Validity Test Pearson’s

. r-value r-value r-value r=table
et Trial 1 Trial 2 Trial 3 (n=28)
Right Punch 0.83 0.88 0.85 0.37
Left Punch 0.82 091 0.87 0.37
Reliability Results

In the reliability test results, researchers used Cronbach’s
Alpha test to find out the level of consistency of the digital
punch when used to measure the strength of the blow over
three trials. As we can see in Table 4 the results of Cronbach’s
Alpha test show that the value for the right hit is 0.80, while
for the left hit the value is 0.82.

Table 3. Punch Strength / Trial

Trial 1 Trial 2 Trial 3
Right Punch (N) 66.49 £33.16 85.25+41.12 84.43+49.73
Left Punch (N) 61.74 +32.24 88.70 + 48.33 78.64 +53.69

Notes: (N) = Newton

Table 4. Reliability Test Cronbach’s Alpha

Reliability of n CA
Right Punch 28 0.80
Left Punch 28 0.82

Notes: n = all participants, CA = Cronbach’s Alpha Value (> 0.7)

Discussion

This research aims to test the validity and reliability of
digital sansak. Like most previous research (Mondin et al.,
2018; Menzel & Potthast, 2021) tests how reliable a tool is
before applying it to sports training. This technology is de-
signed to help coaches monitor and measure how strong
the blows produced by their athletes. Digital-based mea-
surements minimize inaccurate decision-making processes
because assessments are carried out objectively, not subjec-
tively. In addition, accurate and variable measurement data

is important for monitoring training progress and results
(Lambert et al., 2018). In this test, the validity test results
(Table 2) were obtained, both (left and right arms) were valid
(r-value > r-table, n = 28), meaning that this tool could be
trusted and used in the next trial with a larger number of
subjects. In research conducted by (Soga et al., 2023), the
small number of subjects could influence the results of the
statistical analysis carried out.

The use of technology in the training process needs to
be developed so that it can monitor the training process
objectively to make the data collection process easier. For
example, the use of the global positioning system (GPS)
to monitor the physical demands during soccer training
on the field (Santos et al., 2024), measuring hamstring
muscle strength to determine appropriate and measurable
training programs for handball athletes (Firmansyah et
al., 2024) weight 62.6+20.7 kg, height 173.6+5.0 cm, BMI
22.1+4.0kg/m?, Sprinters (Yeung et al., 2009), American
Football (Feeley et al., 2008), and other competitive sports
with a predominance of high-intensity sprint movements.
It is also important to monitor heart rate periodically to
determine the appropriate training zone (Sylta et al., 2014)
13 female;25+4y; 70 £11kg; 76 £ 7mL-min - kg ' VO,max.

Young martial arts athletes need to measure arm muscle
strength as material for coach evaluation. Speedisnotenough,
increasing punching power is the goal of training in combat
sports (Dunn et al., 2022). Because punching power is an
important factor in combat sports (Lambert et al., 2018). The
number of punching movements may influence the amount
of force produced so that the force exerted will vary each
time. The digital sansak was proven to have a high level of
reliability, where after carrying out a reliability test for three
attempts at hitting the results were very good (Cronbach’s
Alpha > 0.07) (Table 4). Therefore, digital punching can be
recommended for repeated measurement of punch strength.

Limitations in this research include the relatively small
number of subjects tested. Then the second limitation is that
there is no other tool that can be categorized as the gold
standard for measuring punch strength as a comparison to
the results obtained from digital sansak. Future research
is recommended to use a larger number of subjects with
various ages, genders, and punch variations. Then using a
tool that has a gold standard can show how big the margin is
between Sandit and that tool.

Conclusions

This research concludes that the digital sansak is a valid
and reliable tool for measuring punching strength. So, it can
help in the martial arts training process to assess how strong
a blow can be produced. This technology can also be used to
assess blows repeatedly, even though the number of subjects
used is still small.
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MNMepesBipka BanigHOCTI Ta HARINHOCTI BUKOPNCTAHHA

unPppoBOro iHCTpyMeHTy And BUMipIOBaHHA CUNN yaapy

KyJIaKOM Y IOHUX CMOPTCMeHiB-eguHO60pLiB

Arynr IIpimxo Bygimkono'A*°PE, TIpapini Iycnitaninraro'*“?, Bax’1o [Ii KypuiaBan'A“P,

Asanr ®ipmanma'**“®, HoBagpi A106i'“P, Kpiruanmon Apcanakpi’“’, Anpgika baio ITyTpo*ABcP

'Cypabaiicbknil ep>KaBHUI YHIBEpCUTET
*YuiBepcuret Kacetcapr
*BaHyHICHKUIT IHCTUTYT T€XHOJIOTIN

ABTOpPCHKMIT BKIAJ: A — Au3aitH gocmipkeHHs; B — 36ip ganux; C - crataHanis; D — migroroska pykonucy; E - 36ip KOIITiB

Pedepar. Crarrs: 6 c., 4 Tab/I., 30 mKeperL.

Merta focifKeHHs. 3aCTOCYBaHHsI TEXHOOTI Y CIIOPTi, 30KpeMa y CIOPTUBHMX €ANHOOOPCTBAX, CTPIMKO 3pocTae. Meta
[JbOTO HOCTi/KEHHS IOJIATa/Ia Y BUSHAYeHH] Ba/IJHOCTI Ta Ha{THOCTI BUKOPUCTAHHS I(pPOBIUX IHCTPYMEHTIB [/Is1 BUMIpIOBaH-
HS CUIM YAApy KYJTaKOM y IOHUX CIIOPTCMEHIB-€AHOOOPIIB.

Marepianu Ta MeTomu. Y [OCI/PKEHHI B3sUM y4acTb 3arasoM 28 ocib: 9 — vonosivoi crati (Bik 15,88 + 1,6 poky, 3pict
162,56+ 6,8 cm, Bara 55,2 £ 10,2 xr, IMT 20,7 * 2,5, BifcoTOK >k1poBoi Macu Tina 14,57 + 4,5%) ta 19 - xinodol crati (Bik
14,5 £ 1,5poxkis, 3pict 154,3 + 5,4 cM, Bara 48,6 + 8,5 kr, IMT 20,4 + 3,2, BificoToK *1poBoi Macy Tina 27,4 + 6,5 %), sIKi 3a/IMalOTbCs
60110BMMM MUCTEL[TBaMU Ta Oy/In BK/IIOUeHi 10 300py faHux. [/ aHa/Ii3y pesy/IbTaTiB JOCIIPKeHH:A 6y/I0 3aCTOCOBaHO Koedirri-
€HT Kopeisinii MoMeHTy 106y TKy ITipcoHa (“Pearson Product-Moment Correlation”) sa goromororo nporpamu Minitab Bepcii 21.
Yci gocnipKyBani 3aiiManuca pO3MIUHKOI Iepefl BUKOHAHHAM TPhOX yapiB Ky/aKOM IIPABOIO Ta JIiBOK PYKOIO.

PesynpraTn. PesynbraTyl I[bOTO JOCTIIKEHHA CBifYaTh PO IMO3UTUBHI IOKa3HMKM BamigHoCTi (mpasmit 0,856, miBuit 0,875)
i HagiitHoCTi (mmpaswit 0,8037, miBumit 0,8209) y mpoleci BUMIpIOBaHHS CUIIN YAApy KY/IAKOM SIK IIPAaBOI0, TaK i TiBOI0 PYKOIO.

BucHoBku. TakuM 4mHOM, IUQPOBI IHCTPYMEHTN /I BUMIPIOBaHHA CUIM YAApy KYTaKOM MO)KHA BUKOPUCTOBYBATHU JIJIA
TPEHYBaHb 3 METOIO BIOCKOHA/IEHHsI TAKUX YAAPIB, 2 TAKOXK SIK IOYaTKOBIUI IHCTPYMEHT T€CTYBaHHsI 3a/|/Is1 BIPOBAJKEHHsI epek-
TUBHMX TPEHYBaJIbHUX IIPOTPaM Ta MOHITOPUHTY PO3BUTKY CHOPTCMEHIB-€IMHOOOPIIIB.

KirouoBi croBa: nudposi iHCTpyMeHTH [y1s1 BUMIPIOBAHHS CIUINU YAApy Ky/lIakoM, 60/10Bi MICTELITBa, I0HI CIIOPTCMEHI.

Information about the authors:

Budijono, Agung Prijo: agungbudijono@unesa.ac.id; https://orcid.org/0000-0002-9651-0755; Mechanical Engineering
Department, Faculty of Engineering, Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY,
Jawa Timur 60213, Indonesia.

687



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 5

Puspitaningayu, Pradini: pradinip@unesa.ac.id; https://orcid.org/0000-0002-2053-2907; Electrical Engineering Department,
Faculty of Engineering, Universitas Negeri Surabaya, JI. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur
60213, Indonesia.

Kurniawan, Wahyu Dwi: wahyukurniawan@unesa.ac.id; https://orcid.org/0000-0001-9925-4091; Mechanical Engineering
Department, Faculty of Engineering, Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY,
Jawa Timur 60213, Indonesia.

Firmansyah, Awang: awangfirmansyah@unesa.ac.id; https://orcid.org/0000-0003-1149-6091; Department of Sport Science,
Faculty of Sport and Health Science, Universitas Negeri Surabaya, J1. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY,
Jawa Timur 60213, Indonesia.

Ayubi, Novadri: novadriayubii@yahoo.com; https://orcid.org/0000-0002-5196-6636; Sport and Exercise Research Center,
Universitas Negeri Surabaya, JI. Lidah Wetan, Lidah Wetan, Kec. Lakarsantri, Kota SBY, Jawa Timur 60213, Indonesia.

Arsapakdee, Kritchapol: Kritchapol.a@rmu.ac.th; https://orcid.org/0000-0003-1340-420X; Department of Physical Education
and Sports, Faculty of Education and Development Sciences, Kasetsart University, Kamphaeng Saen Campus, Kamphaeng Saen,
Nakhon Pathom 73140, Thailand.

Putro, Andika Bayu: andikabayuputro@gmail.com; https://orcid.org/0009-0009-5122-9060; Sports Science Departement,
School of Pharmacy, Institut Teknologi Bandung, J1. Ganesha No.10, Lb. Siliwangi, Coblong, Kota Bandung, Jawa Barat, 40132,
Indonesia.

Cite this article as: Budijono, A. P,, Puspitaningayu, P., Kurniawan, W. D., Firmansyah, A., Ayubi, N., Arsapakdee, K., &
Putro, A.B. (2024). Considering the Validity and Reliability Testing of a Digital Punch Measuring Tool in Young Combat
Athletes. Physical Education Theory and Methodology, 24(5), 683-688. https://doi.org/10.17309/tmfv.2024.5.01

Received: 08.06.2024. Accepted: 26.07.2024. Published: 30.10.2024

This work is licensed under a Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0)

688


mailto:awangfirmansyah@unesa.ac.id
https://orcid.org/0000-0003-1149-6091

Teopia Ta meToAanKa $isMYHOro BMXOBaHHA ISSN 1993-7989 (print)
Physical Education Theory and Methodology ISSN 1993-7997 (online)
Teoria ta Metodika Fizicnogo Vihovanna ISSN-L 1993-7989

Original scientific article

Diagnosing the Level of Forming the Practical Component
of Future Physical Education and Sports Specialists’ Readiness
for Educational Activities to achieve Sustainable Development

Halyna Tsyhura'4*“®; and Serhii Harkusha'A“?

'T. H. Shevchenko National University “Chernihiv Colehium”

Authors’ Contribution: A - Study design; B - Data collection; C - Statistical analysis; D - Manuscript Preparation; E - Funds Collection

Corresponding Author: Halyna Tsyhura, E-mail: zygura.g@ukr.net
Accepted for Publication: September 11, 2024
Published: October 30, 2024

DOI: 10.17309/tmfv.2024.5.02

Abstract

Background. Ukraine’s support for sustainable development strategies and European integration processes requires
the training of specialists engaged in sustainable development educational activities.

Objectives. The study aimed to show the impact of the experimental methodological system on the forming

the practical component of physical education for future physical education and sports specialists’ readiness for
educational activities contributing to sustainable development.

Materials and methods. The study involved 390 students from the faculties of physical education of the

T. H. Shevchenko National University “Chernihiv Colehium”, the National University of Life and Environmental
Sciences of Ukraine, Sumy State University, and Sumy State Pedagogical University named after A. S. Makarenko,
future specialists in physical culture and sports. The students were informed about the features of the study and
voluntarily participated in the pedagogical experiment. The participants of the study are represented by both sexes of
different courses, from which the control and experimental groups were formed. The research methods used include
the study and analysis of scientific and scientific-methodical literature, pedagogical experiments, surveys, testing,
analyses, synthesis and generalisation of information, as well as methods of mathematical statistics.

Results. At the beginning of the study, 93.33 % of students in the control group and 94.44 % of students in the
experimental group had a low level of the practical component of readiness for educational activities contributing

to sustainable development. The final stage of the study revealed a significant improvement in the studied indicator
within the experimental group: 43.33 % of students demonstrated a low level of the practical component of the
studied readiness, 16.67 % had a satisfactory level, 31.11 % showed an average level, and 8.89 % had a high level.

The corresponding changes were observed in all defined indicators: activities for sustainable development in physical
education classes or sectional sports lessons; activities for sustainable development during extracurricular work of a
physical education teacher or outside the sectional work of a sports coach with a population of different age groups;
and activities for sustainable development in managerial positions. In the control group, at the end of the experiment,
no significant changes were found in the the practical component levels of future physical education and sports
specialists’ readiness to participate in educational activities for sustainable development.

Conclusions. The findings of the pedagogical experiment confirmed the positive impact of the developed
methodological system on the forming the practical component of future physical culture and sports specialists’
readiness to participate in educational activities for sustainable development.

Keywords: sustainable development, education, physical education, sports, teacher of physical education, sport coach.

Introduction some global problems. The need to address these issues has
led to the emergence of a global strategy for sustainable
development (Shapar, 2006). Achieving social justice,
economic development, restoration and preservation of

In the second half of the twentieth century, because of
countries’ rapid economic development, humanity inherited

© Tsyhura, H., & Harkusha, S., 2024. nature requires cooperation among all countries in various
e fields, as well as appropriate reorientation of education to

S <® TMOB sustainable development (UNECE Strategy, 2005).
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Despite Ukraine’s aspirations for European integration
(Association, 2014) and ongoing reforms in Ukrainian
education, the transition to sustainable education in Ukraine
is not systematically implemented and is not widely studied
(Koreneva, 2018). However, in developed countries such as
Canada, Australia, the United States of America, the United
Kingdom, Germany, Sweden, and other developed countries
of the European Union, the issue of education for sustainable
development is being studied very intensively (Gorski et al.,
2023; Grosseck et al., 2019), and in a number of countries
is being implemented at the state level (UNESCO Shaping,
2014). After all, education is recognised as a factor that
can contribute to sustainable development goals (United
Nations, 1992).

Education for sustainable development is not just about
transferring specific knowledge or changing behaviour, but
about changing values, about the ability to acquire and apply
knowledge in a holistic way, to be able to find cause and effect
relationships and to predict the consequences of activities,
about acquiring relevant competencies, critical and systemic
thinking and lifelong learning that affect all segments of the
population (Leal Filho, 2021).

Sport is also an important factor in sustainable
development (Sport as an enabler, 2018) and is actively
involved in addressing various sustainability issues abroad
(IOC Sustainability, 2024; The Sustainability Report, 2024).
Scientists consider the commonality of the goals of sustainable
development, sport and physical culture (Chernushenko,
2003; Chen et al., 2018), analyse the legacy of the Olympic
Games for sustainability (Chappelet, 2008; Cashman, 2006),
explore the possibility of educational activities for the
sustainable development of sports coaches (Perez-Ordas et
al, 2018) and educational aspects of sustainable development
in the field of physical education and sport because ‘healthy
sport requires a healthy environment, on the other hand,
‘unhealthy environments hinder people’s motivation to
participate in sport and can negatively affect athletes’
performance’ (Oben, 2009; Lundvall & Froberg, 2022).

To implement education for sustainable development
in the practice of physical education teachers, scientists
propose the following steps:

o critical analysis and revision of curricula and guide-
lines for physical education and sport programmes
in each country to determine which parts of Agenda
2030 and which sustainable development goals are
relevant to education for sustainable development in
physical education and sport;

« rethinking the prospects of physical education in
the field of physical education in the direction of
transformational learning, when there is a shift in
focus “from self to others” and “perception of oneself
as part of the whole” - society and the environment;

o reorientation of views on health and well-being
from a holistic perspective to increase teachers and
students’ skills and knowledge about the interaction
and interconnection between health, well-being
and the environment, which can be achieved
by incorporating cross-curricular topics and
competences into key physical education concepts
(Lundvall & Froberg, 2022).

Research suggests that physical education students

and physical education teachers: have too general an

understanding of sustainability and link it to either an
environmental perspective or social skills; do not have a
clear understanding of the strategies that are appropriate
for implementing sustainable development goals in physical
education classes. Among the reasons that prevent them from
implementing sustainable development education in the
classroom are a lack of knowledge and appropriate guidance
on how to implement SDGs, as well as a lack of time and
resources for physical education. Physical education itself
is positively assessed for fostering the values necessary for
sustainable development (Baena-Morales et al., 2022; Merma-
Molina et al., 2023). The involvement of physical education in
addressing practical sustainability issues in local schools and
communities has received positive feedback and a desire to
continue to work in this area (Lynch & Boylan, 2016).

In Ukraine, the activities of the physical education
and sports sector from the perspective of “for sustainable
development” is hardly covered by the public. There are a
small number of theoretical works that deal with individual
components of sustainable development (Imas et al., 2017;
Kachan & Prystynskyi, 2022) and practical activities of
environmental or social nature without any focus on
sustainable development (Imas et al., 2020; Bubka &
Bulatova, 2017).

In 2011, the United Nations Economic and Social
Council defined teacher competencies in sustainable
education. According to this document, each competence for
sustainable development has the following four components:
“learning to know (the teacher understands...), learning to do
(the teacher is able to...), learning to live together (the teacher
works with others...), learning to be (the teacher is a person
who...)” (UNECE Learning, 2011). In Ukraine, the content of
these competencies has been proposed for future specialists
in physical culture and sports (Tsyhura, 2020), but currently,
education for sustainable development in higher education
institutions is not systematic. Therefore, we focused on the
developmentand implementation ofa methodological system
to train future physical education and sports professionals
for sustainable educational activities. We previously found
that specialists in this field are not sufficiently aware of the
issues of sustainable development, do not understand the
essence and depth of sustainable development goals, are able
to establish the connection of physical culture and sports
only with the sustainable development goals of the social
direction (Tsyhura & Harkusha, 2023), and need to acquire
knowledge on this issue for their professional activities
(Tsyhura, 2021). One component of the readiness of future
physical education and sport specialists for sustainable
development educational activities is active practical work.

The aim of this study is to show the impact of the
experimental methodological system on the formation of
the practical component of future physical education and
sports specialists’ readiness for educational activities that
promote sustainable development.

Materials and Methods

Participants

The study involved 390 future specialists in physical
culture and sports who were students of the faculties of
physical education of T. H. Shevchenko National University

690



Tsyhura, H., & Harkusha, S. (2024). Diagnostics of the Level of Formation of the Practical Component of Future Physical Education
and Sports Specialists’ Readiness for Educational Activities for Sustainable Development

“Chernihiv Colehium”, the National University of Life and
Environmental Sciences of Ukraine, Sumy State University,
and Sumy State Pedagogical University named after
A.S. Makarenko. Students were informed about the features
of the study and voluntarily participated in the pedagogical
experiment. To conduct the pedagogical experiment, control
and experimental groups were formed. The participants of
the study are represented by both sexes in different courses.
At the ascertaining stage of the experiment, both groups
(control and experimental) had 90 students each: the control
group consisted of 52 boys (57.8 %) and 38 girls (42.2%); the
experimental group consisted of 55 boys (61.1 %) and 35 girls
(38.9%). At the formative stage of the experiment, the control
group consisted of 83 students, including 44 boys (53 %)
and 39 girls (47 %); the experimental group consisted of
90 students, including 49 boys (54.4 %) and 41 girls (45.6 %).

Research Design

The pedagogical experiment was conducted in stages
from 2019 to 2024 in accordance with recommendations
(Sysoieva, Krystopchuk, 2013). At the ascertaining stage,
future specialists in physical culture and sports were tested
to determine their initial readiness level for sustainable
development. At the formative stage, a methodological
training system was introduced for the participants of the
experimental group. At the end of the experiment, the level
of readiness of the participants for educational activities
related to sustainable development was determined. The
methods used in the study are: study and analysis of scientific
and methodological literature, pedagogical experiments,
surveys, testing, analyses, synthesis and generalisation of
information and methods of mathematical statistics.

For the final check of the formation of the practical
component of future physical education and sports
specialists’ readiness for educational activities for sustainable
development, thematic tests with open-ended questions
were used, which allowed for a creative approach to the
tasks; they were created using the Google Forms service.
The questions in the tests corresponded to the material
proposed for study during the acquaintance of students
with the materials of the author’s course “Sustainable
Development in Physical Education and Sport” (Tsyhura &
Harkusha, 2024) and indicators of readiness of the practical
component. In particular, the tests contained questions
related to methodological work in the following categories:
extracurricular and community activities, leadership
positions, physical education classes, and sports sections.

Accordingly, the indicators of the practical readiness
criterion were defined as follows:

« activities for sustainable development at physical

education lessons or sectional lessons in sport;

o activities for sustainable development during

extracurricular work of a physical education teacher
or during sectional work of a sports coach with a
population of different age categories;

« activities for sustainable development in a managerial

position.

The tests in Google Forms were distributed through
Google classroom, also contained all the educational and
methodological information on the course “Sustainable
Development in Physical Education and Sports” The

formation of the practical component of the readiness
of future specialists in physical culture and sports for
educational activities for sustainable development was
assessed by converting the scores obtained by students
into the ECTS scale for assessing the quality of educational
achievements of students of higher education institutions:
0-59 points - low level, 60-74 points - satisfactory level,
75-89 points — average level, 90-100 points — high level.
The same scale was used to assess each indicator (content
component) of the practical component.

Statistical Analysis

Systematisation of the materials and mathematical
processing were performed using a Microsoft® Excel 2010.
The non-parametric Pearson’s x* test was used to compare
the results of the study at a significance level of p < 0.05
(Herych & Syniavska, 2021).

Results

According to the results of the baseline testing at the
formative stage of the experiment (Fig. 1, Fig. 2, Fig. 3), a
significant number of students in both groups had a low
level of formation in the practical component according to
all the defined indicators. Thus, depending on the studied
component, in the control group at the beginning of the
pedagogical experiment, 88.9% to 95.6 % of students had a
low level of formation in the practical component of readi-
ness for educational activities for sustainable development.
A satisfactory level of this indicator was observed in 3.3%
of students using the indicator “activities for sustainable
development in a managerial position” (Fig. 3), 2.2% of
students using the indicator “activities for sustainable de-
velopment in a physical education lesson or sectional sport
lesson”(Fig. 1), and 10 % of students using the indicator “ac-
tivities for sustainable development during extracurricular
work of a physical education teacher or outside the sectional
work of a sports coach with the population of different age
categories” (Fig. 2). From 1.1% to 2.2 %, students had an

100% T —

80% —

60% || & high
Baverage

40% +— M satisfactory
O low

20% +—

0% .
Ca cf Ea Ef

Fig. 1. Diagram of the levels of formation of the practical
component of future physical education and sports specialists’
readiness for educational activities for sustainable development
according to the indicator “activities for sustainable development
in physical education class or sectional sport lesson”

(% of students): Ca - control group, ascertaining stage of the
experiment; Cf — control group, formative stage of the experiment;
Ea - experimental group, ascertaining stage of the experiment;
Ef - experimental group, formative stage of the experiment.
Similar designations are used in the rest of the diagrams
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Fig. 2 Diagram of the levels of formation of the practical
component of future physical education and sports specialists’
readiness for educational activities for sustainable development
according to the indicator “activities for sustainable development
during extracurricular work of a physical education teacher or
outside the sectional work of a sports coach with the population
of different age groups” (% of students)
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Fig. 3. Diagram of the levels of formation of the practical
component of future physical culture and sports specialists’
readiness for educational activities for sustainable development
using the indicator “activities for sustainable development
in a managerial position” (% of students)

average level of the practical component of readiness for
educational activities for sustainable development, depend-
ing on the component under study (Fig. 1, 2, 3).

In the experimental group, at the beginning of the study,
the situation was similar: from 92.2% to 94.5% of students
had a low level of the practical component of readiness
for educational activities for sustainable development,
depending on the component under study (Fig. 1, 2, 3).
From 3.3 % to 7.8 %, students had a satisfactory level of this
indicator; the average level was found in 2.2% of students
only for the indicator “activities for sustainable development
in physical education classes or sectional sports lessons”.
There were no students with a high level of formation for
the studied component by any of the identified indicators in
either the experimental or control groups.

At the formative stage of the pedagogical experiment,
the situation in the control group underwent minor
changes. In the experimental group, significant changes
were observed depending on the indicator. Thus, the
number of students with a low level of formation in the
practical component of readiness for educational activities
for sustainable development according to various indicators
decreased to 41.1-50.0 %. The number of students with a
high level of formation in the studied component according
to the indicator “activities for sustainable development

in a managerial position” is 17.8 % (Fig. 3), whereas the
indicator “activities for sustainable development during the
extracurricular work of a physical education teacher or out
of sectional work of a sports coach with the population of
different age categories” - 28.9 % (Fig. 2). The number of
students with an average level of formation for the studied
component according to the same indicators was 23.3 % and
15.6 %, respectively; with a satisfactory level of formation of
17.8% and 12.2 %, respectively. For the indicator “activities
for sustainable development in a physical education lesson
or sectional sport lesson”, the indicators are somewhat lower.
There were no students with a high level of formation in
the studied component. The percentage of students with a
satisfactory and average level was almost the same at 26.7 %
and 23.3 %, respectively (Fig. 1).

The generalised data show that at the beginning of
the study, the majority of students in the control and
experimental groups had a low level of the practical
component of readiness for educational activities for
sustainable development: 93.33% and 94.44 % of students,
respectively; 6.67 % and 5.56 % of students in the control
and experimental groups had a satisfactory level of this
component, respectively (Fig. 4).

100

80 |

60 |

40 +—

20

0 L e |

Ca cf Ea

O low Msatisfactory MEaverage high

Fig. 4. Diagram of the levels of formation of the practical
component of future physical education and sport specialists’
readiness for educational activities for sustainable development
(% of students)

The analysis of the data of the final test at the end of
the formative stage of the experiment revealed a significant
improvement in the indicator of the practical component
of future specialists’ physical culture and sports readiness
for educational activities for sustainable development in the
experimental group (Fig. 4). In particular, in the control
group, 85.54 % of students had a low level, 6.02% had a
satisfactory level, 4.82% had a medium level, and 3.61 %
had a high level of the practical component of readiness. The
number of students in the experimental group with a low
level of the practical component of readiness was found to be
half as much - 43.33 %, with a satisfactory level of readiness
-16.67 %, with an average level — 31.11 %; and 8.89 % of
respondents had a high level of the practical component
of readiness for educational activities for sustainable
development (Fig. 4).

The above comparisons are due to the calculation of
Pearson’s criterion, which was used to determine the
differences between the series of indicators in our two
samples (Table 1). Thus, the indicators of Pearson’s criterion
indicate the similarity of the control and experimental
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Table 1. Distribution of students by levels of formation of the practical component of educational readiness for
sustainable development (generalised data by identified components)

Levels of formation of the practical component of readiness T it
Groups of students T crpitited e
low satisfactory average average p <0.05
Ascertaining stage of the experiment
Control 84 6 0
0.096 3.84
Experimental 85 5 0
Formative stage of the experiment
Control 71 5 4
34.42 5.99
Experimental 39 15 28

groups in terms of the level of formation of the practical
component of readiness for educational activities for
sustainable development at the beginning of the pedagogical
experiment: x? empirical < x* critical (0.096 < 3.84, p < 0.05);
and a significant difference between these groups after the
formative stage of the experiment: x* empirical > x? critical
(34.42 > 5.99, p < 0.05).

Discussion

According to previous studies (Tsyhura & Harkusha,
2023), it was assumed that future physical education and
sports specialists have alow level of formation in the practical
component of readiness for educational activities for
sustainable development. The assumptions were confirmed
during the ascertaining stage of the pedagogical experiment.
Itwas found that, onaverage, 93.89 % of students participating
in the experiment had alow level of formation in the practical
component of readiness for educational activities for
sustainable development. Analysing the students’ answers to
the questions related to sustainable development activities in
physical education classes or sectional sports lessons, during
extracurricular activities and community work, and while
working in leadership positions in their speciality, it can be
confidently stated that the vast majority of students in the
control and experimental groups had no idea about the types
of sustainable development activities of a physical education
teacher or coach. Such results of the study are in line with
the research of our foreign colleagues who indicated that it
is very difficult for physical education and sports teachers to
determine the types of activities for sustainable development
during their professional activities (Baena-Morales et al.,
2022; Merma-Molina et al., 2023).

The peculiarities of the formation of the practical
component of future physical culture and sports specialists’
readiness for educational activities for sustainable
development were identified by analysing the levels of
formation of the studied component according to pre-
established indicators. Some of our results agree with
those of our foreign colleagues (Baena-Morales et al,,
2022; Merma-Molina et al., 2023). Thus, no students in the
experimental group with a high level of formation in the
practical component according to the indicator “activities
for sustainable development in physical education lessons
or sectional sports lessons” were found. According to the
other two indicators (“activities for sustainable development
during extracurricular work of a physical education teacher
or outside the sectional work of a sports coach with the

population of different age groups” and “activities for
sustainable development in a managerial position”), an
average of 23.34 % of students had a high level of formation
in the practical component. This indicates that it is easier for
future physical education and sports professionals to find
and implement sustainable development activities during
extracurricular activities, such as hiking, health days, and
recreational activities, than to implement such activities in
physical education classes. The ability to introduce different
active sustainability activities in physical education classes
while maintaining the structure of the lesson or sports
training was the most difficult task of all the tasks. Imagining
themselves in a leadership position or participating in
extracurricular activities makes it much easier for students
to find the right types and forms of work to promote
sustainable development.

The positive dynamics of changes in the same indicators
of the practical component of readiness in the control group
of students can be explained by the fact that information
about conscious citizens with developed sustainability skills
from sports arenas sometimes gets into Ukrainian media
and social networks. This is admired by spectators and has
great educational value. An example of this is the cleaning
of stands by Japanese fans after a football match in Qatar
(FIFA, 2022). Accordingly, foreign colleagues point out that
sustainable development education is a complex process and
that extracurricular activities may have greater potential to
address a variety of topics, address different age groups, and
provide more opportunities for multidimensional learning
experiences (Leal Filho et al., 2021). Teachers find it difficult
to incorporate the provisions of sustainable development
into physical education lessons due to a lack of guidance
and teaching materials (Baena-Morales et al., 2022; Merma-
Molina et al., 2023). However, when sustainability activities
are well selected in physical education and sport classes,
very positive feedback from communities and the desire of
participants to continue such activities are reported (Lynch
& Boylan, 2016).

Conclusions

The results of the pedagogical experiment confirm the
positive impact of the experimental methodological system
onthe formation of the practical component of future physical
education and sport specialists’ readiness to participate in
educational activities for sustainable development. At the
beginning of the study, 93.33 % of students in the control
group and 94.44 % of students in the experimental group
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had a low level of the practical component of readiness for
sustainable development-related educational activities. The
final test showed a significant improvement in the studied
indicator in the experimental group: 43.33 % of students
had a low level of formation of the practical component
of the studied readiness, 16.67 % had a satisfactory level,
31.11% had an average level, and 8.89% had a high level.
The corresponding changes were observed in all defined
indicators: activities for sustainable development in physical
education classes or sectional sports lessons; activities for
sustainable development during extracurricular work of a
physical education teacher or outside the sectional work of
a sports coach with a population of different age groups;
and activities for sustainable development in managerial
positions. In the control group, at the end of the experiment,
no significant changes were found in the levels of the
practical component of future physical education and sports
specialists’ readiness to participate in educational activities
for sustainable development.
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AiarHocTuka piBHA cpOpMOBaAHOCTI NPAKTUYHOro KOMMOHEHTAa
roToBHOCTi ManbyTHix ¢axiBuiB Pi3MYHOI KynbTypu i cnopty
A0 OCBITHbOI AiANbHOCTI ANA CTaNOro po3BUTKY

Tanuna Iurypa'A®cP, Cepriit lapxymra'A“?

'HauionanpHuii yHiBepcuteT «UepHiriBcbkuit koneriym» imeni T. I. IlleBuenka

ABTOpPCHKMIT BKIAJ: A — Au3aitH gocmipkeHHs;; B — 36ip ganux; C - crataHanis; D — migroroska pykonucy; E - 36ip KOIITiB

Pedepar. Crarrs: 8 c., 1 Tabn., 4 puc., 34 mxepena.

Ictopist muTanna. IligTpuMka YKpaiHOo cTparerii cTazoro po3BUTKY Ta €BPOiHTErpaniliHi MpoLecy BUMArarTh MiIF0TOBKU
(axiBI[iB 10 OCBITHBOI AiAMTBHOCTI I CTAZIOTO PO3BUTKY.

Merta gocnimkeHHA. MeTo0 JOCTiI)KeHHA €: TI0Ka3aTy BIUIMB BIIPOBaI)KeHOI eKCIIepMMeHTa/IbHOI MEeTOAMYHOI CUCTEMU Ha
(dhopMyBaHH:A MPAKTIYHOIO KOMIIOHEHTA TOTOBHOCTI MalOyTHIX (axiBIiB Gi3WIHOI KYIBTYPH i CHOPTY /10 OCBITHLOI AiATBHOCTI
IJISL CTAJIOTO PO3BUTKY.

Marepianu ta MeTomu. Y mocmifkeHHi 6pamy yuactb 390 cTyfeHTiB akynbreTiB ¢isuyHOro BuxoBaHH:A HalioHambHOro
yHiBepcurery «UepHiriBcpkuit koeriym» imeni T. I. IlleBuenka, HanionanpHoro yHiBepcureTy 6iopecypcis i IpypofoKopucTy-
BaHHA YKpainu, CyMcbKOro fiep)kaBHOro yHiBepcuteTy Ta CyMCBKOTO JiepyKaBHOTO TIeflaroriyHoro yHisepcurety imeni A. C. Ma-
KapeHKa — MaitOyTHi ¢axiBii ¢isuaHoi Kyabrypu i cropry. Crygentu 6ynu indopMoBaHi Ipo Bci 0COOMMBOCTI JOCTIIKEHHS
i 6pamu y4acTp y IefaroriyHOMy eKCIlepMMeHTi JOOPOBIIbHO. YYaCHMKM JOCIPKEHH: MpefiCTaB/IeHi o6oMa CTaTAMHU pi3HMX
KypciB, 3 sAK1x 6y/10 cOpMOBaHO KOHTPOJIbHY Ta eKCIIepUMeHTa/IbHY IPyI. MeTony JOCIi/PKeHHs: BUBYEHHS Ta aHa/Ii3 HayKo-
BOI Ta HAYKOBO-METOAMYHOI IiT€paTypy, IeJarOriyHMii eKCIIEPUMEHT, ONUTYBAHHA, TECTYBAaHHH, aHaJIi3, CUHTES Ta y3araJlbHEHH:A
inpopmalii, MeTORM MaTeMaTIYHOI CTaTUCTUKI.

Pesynbraru. Ha novartky gocnimxenns 93,33 % cTyeHTiB KOHTPO/IbHOI rpymu Ta 92,22 % CTy/IeHTiB eKCIIepUMEHTa/IbHOIL IPY-
M MaJIyi HU3bKUIL piBeHb IPAKTUYHOTO KOMIIOHEHTA TOTOBHOCTI /IO OCBiTHBOI [IiANIbHOCTI [/ CTa/IOr0 PO3BUTKY. 3aBepIIaTbHUI
eTall JOCTi/PKEHH: IT0Ka3aB iCTOTHE IMOKPAIleHHA NOCIKYBAHOTO IIOKa3HUKA B €KCIIEPUMEHTA/IbHIN TPYILi: CTYIEHTIB 3 HU3b-
KUM piBHeM c(hOPMOBAHOCTI IPAKTUYHOTO KOMIIOHEHTA AOCII/PKYBaHOI TOTOBHOCTI 6y10 41,12 %, i3 3agoBinbaum — 14,44 %, i3
cepenHim — 30,00 %, 3 BucokuMm — 14,44 %. BinnosigHi sMiHM mpocTexxyBany 3a yciMa BU3HAYeHMMY IIOKA3HMKAMM: IiA/IbHICTD /1A
CTaJIOr0 PO3BUTKY Ha YpoIli GisuyHOI KyIbTypy ab0 CeKIiiTHOMY 3aHATTI 3 BULLY CHOPTY; AiA/bHICTD AJIA CTaJIOTO PO3BUTKY IIifl
Jac 1o3akaacHol po6oTu yuntesns QisMIHOI KyIbTypy UM II03a CEeKLiTHOI poOOTH TpeHepa 3 BUAY CIIOPTY 3 HACEJIEHHAM Pi3HMX
BIKOBUX KaTeropiif; AiA/NbHICTD [/IA CTAJIOTO PO3BUTKY Ha KepiBHIill oca/ii. Y KOHTPO/IbHIl IpyIli Ha 3aBepIIEHHA eKCIIEPUMEHTY
iCTOTHMX 3MiH LIOKO PiBHIB IIPAKTMYHOTO KOMIIOHEHTA TOTOBHOCTI MaitOyTHiX ¢axiBiiB (isvIHOI KyIbTypH i CIOPTY O OCBIT-
HbOI JiAZIbHOCTI 171 CTAJIOr0 PO3BUTKY HE BUABJIEHO.
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Abstract

Background. Football players require high levels of speed and explosive power to perform effectively on the field,
making these physical attributes critical for success. Neuromuscular training has been proposed as a method to

enhance these performance metrics.

Objectives. The purpose of the present study was to examine the effect of neuromuscular training on the speed and

explosive power performance of football players.

Materials and methods. A total of thirty male football players (aged 20 to 26 years) from Imphal West District,
Imphal, Manipur, India, who had participated in national-level competitions, were selected for the study. The subjects
were randomly assigned into two equal groups: an experimental group (n = 15) and a control group (n = 15). Both
groups were assessed before the intervention for speed and explosive power performance using the 50 m dash speed
test and the standing broad jump test to determine the baseline significance of the selected variables. Following the
initial assessments, the experimental group underwent a supervised neuromuscular training program, while the
control group received no special training. The neuromuscular training was conducted over a period of six weeks,
with sessions held five days a week (Monday to Friday), each lasting 60 minutes.

Results. The experimental group confirmed significant improvements in both speed and explosive power compared
to the control group (p < 0.05). The mean and standard deviation of speed for the experimental group were

7.15 £ 0.71 in the pre-test and 6.54 £ 0.61 in the post-test. For explosive power, the values were 2.36 + 0.32 in the
pre-test and 2.55 + 0.39 in the post-test. The notable enhancements in speed and explosive power performance in
the experimental group are likely attributed to the six-week neuromuscular training program, which facilitated rapid

physical adaptation among the football players.

Conclusions. Implementing the six-week neuromuscular training program effectively enhanced the speed and
explosive power performance of football players. This type of training has been demonstrated to be highly effective

for optimizing these performance metrics in football players.

Keywords: neuromuscular training, speed performance, explosive power performance, physical adaptation.

Introduction

Football is the most popular ball game globally, enjoyed
by players and spectators alike, with millions watching soccer
matches and its popularity growing daily (Islam & Rahman,

© Singh, L. S,, Singh, N. R, Singh, W. ., Singh, O. R,,
& Mola, D. W., 2024.
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2021). The game involves two teams of eleven players each
trying to score by kicking the ball into the opposing team’s
goal, using any part of their bodies except their hands and
arms, with only the goalkeeper allowed to handle the ball
within the penalty area (Alegi et al., 2024). Known for its fast-
paced play, football’s global appeal is unmatched, making
it thrilling for both players and fans. The modern game
emphasizes “high sports performance,” highlighting skill
application, technical and tactical growth, enhancement of
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key motor components, and physiological traits impacting
performance. Sports scientists focus on physical and
technical development as well as cognitive abilities (Mola
& Shaw, 2024). Research indicates that attributes such as
muscular endurance, flexibility, coordination, upper body
strength, leg power, maximum leg strength, speed, agility,
and reaction time are essential for football players (Singh et
al., 2018; Singh et al., 2016; Rahman & Sharma, 2023).

Neuromuscular training encompasses a range of
activities aimed at enhancing motor sensory function during
physical performance in various sports. It seeks to boost
muscle motor efliciency, reduce neuromuscular fatigue,
and improve overall fitness (Sanudo et al., 2019; Rogasch
et al., 2009). Studies show that this training can improve
the neurological system’s response to the muscular system,
enhancing muscle recruitment and activation, which in turn
increases athlete compatibility and strength (Akbar et al,,
2022). While match-play scenarios requiring maximum
running speeds are rare, a player’s top running speed during
a game is a common measure of physical ability, with
professional footballers typically reaching peak sprinting
speeds of 31-32 km/h (Rampinini et al., 2007).

Explosive strength and power are essential for athletic
performance and are the foundation combined with game-
specific techniques, tactics, and daily activities (Heang et
al., 2012; Reza et al., 2024). Developing maximum strength
performance is critical as it supports most other aspects
of physical ability. Lower body training typically includes
exercises such as jumping, hopping, and bounding.
Plyometric exercises, involving jumping, hopping, and
skipping, are fundamental to many sports movements
(De Villarreal et al., 2010). The systematic development
and assessment of these skills can be challenging. Strength
and speed training can improve teenagers’ muscular and
neurological reaction rates, strength, and explosiveness.
These exercises can also be used to evaluate their impact on
football performance (Barrera et al., 2023). Therefore, this
study aims to examine the effect of neuromuscular training
on the speed and explosive power performance of football
players.

Table 1. Six-weeks neuromuscular training program

Materials and Methods

Selection of Subjects

In this study, the researcher randomly chose 30 male
football players, aged between 20 and 26, from Imphal West
District in Imphal, Manipur, all of whom had competed at
the national level.

Selection of Variables

After assessing the feasibility of the equipment and
reviewing the relevant literature, the researcher identified
the following variables:

1. Independent Variable: Neuromuscular Training.

2. Dependent Variables: Speed and Explosive Power.

Criterion Measures

The study utilized the following standardized tests:

1. Speed: Assessed with the 50-meter dash test, with
times recorded in seconds.

2. Explosive Power: Evaluated using the standing broad
jump test, with distances measured in meters.

Design of the Study

In this experimental study, participants were randomly
divided into two equal groups: an experimental group (n=15)
and a control group (n=15). Both groups were evaluated
before the intervention to establish baseline measurements
for speed and explosive power using the 50-meter dash
test and the standing broad jump test. After these initial
assessments, the experimental group underwent a supervised
neuromuscular training program, while the control group
did not receive any specialized training. The neuromuscular
training program spanned six weeks, with sessions conducted
five days a week (Monday to Friday). Each session lasted
60 minutes, with weekends reserved as rest days.

Administration of Training

To fine-tune the volume and intensity of the exercise,
a pilot study was carried out with 8 football players, split into

Days Warm-Up Particular Exercise Sets  Reps Intensity Rest
. . Squat Jump, Push Up
Mon Slow Jogging, Fr.ee hand Exerc.lse, Lateral Jump, High Knee forward Run, 2 8 30-40 % 30 sec
Whole Body rotation and Stretching
Shuttle Run, Burpee
Slow Jogging, Free hand Exercise, Push up, Pull up, Jump squats o
Tue Whole Body rotation and Stretching  Plank, Sit ups, Split squad 3 10 40-50% 30 sec
. . 10 m running, 30 m running
Wed Slow Jogging, Fr.ee hand Exerc.lse, 50 m running, Single leg Hop 4 12 50-60 % 30 sec
Whole Body rotation and Stretching
Box Jump
. . Squat Jump, Push Up
Thu Slow Jogging, Fr_ee hand Exercllse, Lateral Jump, High Knee forward Run, 5 14 60-70 % 30 sec
Whole Body rotation and Stretching
Shuttle Run, Burpee
. . 10m running, 30 m running
Fri Slow Jogging, Fr.ee hand Exerc.1se, 50 m running, Single leg Hop 6 16 70-80 % 30 sec
Whole Body rotation and Stretching Box Jump

Note: The neuromuscular training program was conducted over six weeks, with sessions held five days a week (Monday to Friday). Each

session lasted 60 minutes, with rest days on Saturday and Sunday
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4 in the experimental group and 4 in the control group. No-
table differences were found between the pre-test and post-
test measurements of the variables. Subsequently, the refined
training sessions for the experimental group were conducted
in the mornings at the Manipur University Football Ground.
The neuromuscular training program lasted six weeks, with
sessions held five days a week (Monday to Friday). Each
session lasted 60 minutes, with Saturday and Sunday as rest
days. Details of the specific neuromuscular training program
for the experimental group are provided in Table 1.

Statistical Analysis

Data were entered into an Excel spreadsheet and
analyzed using IBM SPSS software (version 22.0; SPSS
Inc., Chicago, IL, USA). The normality of the statistical
distribution was assessed through descriptive statistics.
To evaluate differences between groups, paired t-tests and
ANCOVA were utilized. A significance level of 0.05 was
applied in the statistical analyses.

Ethical Approval

The study received approval from the Institutional
Human Ethics Committee at Manipur University, Canchipur,
Imphal (India), and informed consent was obtained from all
participants.

Results

The results indicated a significant enhancement in speed
performance among football players in the experimental
group who underwent the neuromuscular training program.
The descriptive analysis of the pre-test and post-test speed
performance for this group is detailed in Table 2.

Table 2 displays the meanand standard deviation of speed
for both the experimental and control groups in the pre-test
and post-test assessments. For the experimental group, the
pre-test mean and standard deviation were 7.15+0.71, while
the post-test mean and standard deviation were 6.79 +0.61.

In the control group, the pre-test values were 7.05+0.54,
and the post-test values were 7.00+0.53. A significant
improvement was observed in the experimental group, with
a calculated t-value of 6.06, exceeding the table t-value of
2.14 at 14 degrees of freedom and a 0.05 level of significance.
Conversely, the control group showed no significant change,
as its calculated t-value of 0.71 was lower than the table
t-value of 2.14 at 14 degrees of freedom and a 0.05 level of
significance. Figure 1 provides a graphical comparison of
the pre-test and post-test mean speed performance for both

groups.
I071 I061 I054 I 0,53

pre test experimental = post test experimental pre test control post test control
Emean 7,15 6,79 7,05
msD 0,71 0,61 0,54 0,53

ORNWAUON®

Fig. 1. Graphical comparison of pre-test and post-test speed
performance for experimental and control groups

The study results revealed a significant enhancement in
explosive power performance among football players in the
experimental group following the neuromuscular training
program. Table 3 provides a descriptive analysis of the pre-
test and post-test explosive power performance for this
group.

Table 4 shows the mean and standard deviation for
explosive power in both the experimental and control
groups during pre-test and post-test assessments. For
the experimental group, the pre-test mean and standard
deviation were 2.36£0.32, and the post-test mean and
standard deviation were 2.55+0.29. In the control group,
the pre-test values were 2.35+0.25, while the post-test values
were 2.32+0.20. A significant improvement was observed
in the experimental group, with a calculated t-value of 1.64
surpassing the table t-value of 2.14 at 14 degrees of freedom
and a 0.05 significance level. Conversely, the control group

Table 2. Pre-test and post-test mean for experimental and control groups of speed performance of football players

Variable Group N Test M SD SEM df t-value Sig.
Pre-test 7.15 0.71 0.18
Experimental 15 6.06* 0.00%
Post-test 6.79 0.61 0.15
Speed 14
Pre-test 7.05 0.54 0.13
Control 15 0.71 0.48
Post-test 7.00 0.53 0.13
*Significant at 0.05 level
Table 3. Mean pre-test and post-test explosive power performance for experimental and control groups
Variable Group N Test M SD SEM df  t-value Sig.
Pre-test 2.36 0.32 0.08
Experimental 15 9.11* 0.00*
Post-test 2.55 0.29 0.07
Explosive Power 14
Pre-test 2.35 0.25 0.06
Control 15 1.64 0.12
Post-test 2.32 0.20 0.05

*Significant at 0.05 level
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did not show a significant change in explosive power, as its
calculated t-value of 1.64 was lower than the table t-value of
2.14 at 14 degrees of freedom and a 0.05 level of confidence.
Figure 2 illustrates the graphical comparison of pre-test and
post-test mean explosive power for both groups.

3
2,5

255
2,36 2,35 2,32
2
15
1
05 0,32 0,29 0,25 0.2
o | | . -

pre test experimental | post test experimental  pre test control post test control
mmean 2,36 2,55 2,35 2,32
msD 0,32 0,29 0,25 0,2

Emean mSD

Fig. 2. Graphical representation of pre-test and post-test mean
comparisons for speed performance in the experimental and
control groups

Table 4. Pre and Post mean comparison (ANCOVA)
between experimental and control group for speed of
football players

Type III sum Mean

Variable Source of errors Ch— Sig.
Group 0.63 1 0.63
Speed Error 1.38 27 0.51 12.46* 0.00
Total 1438.24 30

* Significant difference at 0.05 level

Table 4 shows a significant difference between the pre-
test and post-test mean scores for speed performance in
both the experimental and control groups, as determined
by analysis of covariance (ANCOVA). The obtained F-value
of 12.46* was higher than the tabulated F-value of 4.21,
confirming the effectiveness of the six-week neuromuscular
training program in enhancing football players’ speed
performance. Table 5 presents the ANCOVA results for pre-
test and post-test explosive power between the experimental
and control groups.

Table 5. Pre and post mean comparison (ANCOVA)
between experimental and control group for explosive
power of football players

Variable Source Type I1I sum Mean sig.
of errors Square
Group 0.37 1 0.37
Ezfvl:f e ror 0.10 27 0.00 10.35* 0.00
Total 181.13 30

* Significant difference at 0.05 level

Table 5 indicates a significant difference between the
pre-test and post-test mean scores for explosive power in
both the experimental and control groups, as determined by
analysis of covariance (ANCOVA). The obtained F-value of
10.35% exceeded the tabulated F-value of 4.21, confirming

that the six-week neuromuscular training program effectively
improved explosive power performance in football players.

Discussion

The study aimed to examine the impact of
neuromuscular training on speed and explosive power in
football players. Thirty national-level players from Manipur
University, aged 20 to 26, were randomly assigned to either
an Experimental Group or a Control Group, with 15 players
in each group. The Experimental Group participated in a
six-week neuromuscular training program at Manipur
University Football Ground, with sessions held five days a
week. Post-test data were collected and analyzed using IBM
SPSS (version 22.0). Statistical analyses, including paired
t-tests and ANCOVA, were performed with a significance
level set at 0.05.

Based on the results, Table 2 displays the mean
and standard deviation values for speed in both the
experimental and control groups during pre-test and post-
test assessments. Significant improvements were observed
in the experimental group, while the control group showed
no notable changes. Table 3 presents mean and standard
deviation values for explosive power, with significant gains
in the experimental group and no significant changes in the
control group. Table 4 demonstrates a significant difference
in speed performance between pre-test and post-test scores
for both groups, confirmed by ANCOVA, indicating that
the six-week neuromuscular training program effectively
enhanced speed. Similarly, Table 5 shows a significant
difference in explosive power performance between pre-
test and post-test scores for both groups, also confirmed
by ANCOVA, confirming the effectiveness of the training
program in improving explosive power. Singh et al. (2023)
investigated the impact of a six-week Speed, Agility, and
Quickness (SAQ) training program on 30 male football
players aged 18-25. The study found that the SAQ program
significantly enhanced speed and agility in the experimental
group compared to the control group.

Anbu et al. (2022) and Singh et al. (2022) found that
neuromuscular and plyometric training enhanced agility,
speed, and explosive power in young football players.
Singh and Lamani (2016) discovered that varying training
loads improved physical and physiological variables in
male soccer players. Mola & Bayeta (2020) confirmed that
circuit training increased muscular endurance, strength,
and flexibility in sport science students. Fenta & Mola
(2023) demonstrated that calisthenics exercises effectively
improved passing accuracy, dribbling speed, agility, and
muscular strength in female handball players. Menezes et
al. (2020) showed that integrative neuromuscular training
improved balance, flexibility, and vertical jump height in
young soccer players. These studies collectively highlight the
significance of implementing well-structured, scientifically-
supported training programs to boost athletic performance
across different sports and age groups.

Recent research underscores the effectiveness of
plyometric and speed-strength training in enhancing
various physical attributes in soccer players. Kokinda et al.
(2023) showed that plyometric training improves running
speed, acceleration, and directional changes. Similarly,
Feng Gao (2023) found that speed and strength exercises
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enhance running speed, muscular explosive force, and
agility. Justin Antony (2023) assessed a 6-week plyometric
program in football players aged 16-19 and noted significant
improvements in speed, though agility did not show notable
changes. These results suggest that while plyometric training
is effective for boosting speed, its impact on agility is less
clear, highlighting the need for further research in this area.
Sannicandro et al. (2023) demonstrated the effectiveness
of integrative neuromuscular pitch training in improving
lower limb strength and sprint performance in young soccer
players. Buchheit et al. (2010) found that a 10-week program
incorporating shuttle sprints and explosive strength training
improved 30-meter sprint times, although results for shorter
distances were mixed in adolescent male soccer players.
Hughesetal. (2012) reported enhanced sprint performance in
certain age groups through combined speed and plyometric
training. Carlos Alvarez-Serrano et al. (2023) highlighted
the role of neuromuscular training in reducing injury risk
and potentially enhancing various physical performance
factors such as strength, power, speed, agility, and balance in
soccer players. These studies collectively emphasize different
strategies for improving soccer performance and injury
prevention through targeted training approaches.

Conclusion

Based on the study results, it can be concluded that
neuromuscular training significantly improves the speed
and explosive power of football players. The six-week
neuromuscular training program resulted in substantial gains
in these areas. Consequently, incorporating such a program
is highly advantageous for boosting athletic performance in
football players. This training regimen eftectively develops
essential physical attributes like speed and explosive power,
making it a valuable addition to training protocols for players
seeking to enhance their overall on-field performance.
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OnTumisauisa NnoKasHUKIB WBUAKOCTI Ta BMOGYXxoBoiI cunu pyTbonicris:
BnnauB WeCcTUTVKHEBOro KypCcy HepBOBO-M'i30BOro TpeHYBaHHSA

JMajimpam Canrom Cinrx'A*“PE, Hinrrxoymxam Pomkemr Cinrx'ABCPE,

B. Ixeitmc Cinrx**B¢PE, Oxpam Po6incon Cinrx'A*“PE, [leccamen Bace Moma®APcPE

'"Maninypcbkuii yHiBepcuTeT

*YuiBepcuret imeHi Pajpxusa lanpi

*YuiBepcurer AM60

ABTOpPCHKMIT BKIAJ: A — Am3aitH gocnipkenHs; B — 36ip ganux; C - crarananis; D — migroroska pykormucy; E — 36ip komtis

Pedepar. Crarts: 7 c., 5 Tabn., 2 puc., 27 fKepern.

Icropis muranHs. s edextusHOI rpu Ha noyi GyTOOMICTU TOTPEOYIOTH BICOKOTO PiBHS IIBUAKOCTI Ta BIOYXOBOI CIUIN,
3YMOBJTIOIOUM KPUTUYHY BOK/INBICTD IMX QisMYHMX AKOCTEN y JOCATHEHHI yCIIixXy. B AKOCTi MeTofy OKpallieHHsA VX IIOKa3HMKIB
3aIIPOIIOHOBAHO IIPOBEJEHHS HEPBOBO-M S130BUX TPEHYBaHb.

Merta pocnipKeHHA. MeTo0 IIbOT0O BOCH/PKeHHs Oy/l10 BUBYUTU BIUIMB HEPBOBO-M A30BOTO TPEHYBAaHHA Ha IOKa3HMKI
HIBUAKOCTI Ta BOYX0Boi cyym yT6OIiCTiB.

Marepianu Ta MeToau. [y IpoBefeHHs JOCTiKeHHs 6y10 BifibpaHo TpuausTh GyTbdOmicTiB-40m0BiKiB (BiKOM Bix 20 0
26 poxiB) i3 3axigHoro okpyry Imnxan (uratr Maninyp, Iugis), siki 6pany yqacTs y 3MaraHHsAX Hal[ioHa/IBHOTO PiBH. JJoCimKy-
BaHi Oy/Iu po3NOAiNeHi MeTOAOM paH/foMisallil Ha [ABI piBHI IPyIN: eKCllepuMeHTaabHy (n = 15) Ta KoHTpobHY (n = 15). Ilepen
IOYaTKOM iHTePBeHIIii B 060X IpyIIax OLiHIOBA/IN IIOKa3HUKM MIBUAKOCTI Ta BUOYXOBOI CH/IM, 3aCTOCOBYIOUYM TECT Ha IIBUAKICTD
6iry Ha aucraHIii 50 MeTpiB, a TAKOX TeCT 3 BUKOHAHH CTPUOKIB Y JOBKMHY 3 MICLiA 3 METOIO B3HAYEHHS BYUXIJHOTO PiBHA 3Ha-
4ymocTi BigiOpanux sMminHMX. ITic/A IpOBeleHHs MOYaTKOBOIO aHa/li3y eKCIlepyMeHTa/IbHa IPYIIa BUKOHYBa/la KOHTPOIbOBAHY
Iporpamy 3 HepBOBO-M S30BOTO TPEHYBAHHs, TOA1 K KOHTPO/IbHA IPyIa He 3aiiMaiacsi )KOIHMM CIelia/IbHUM TPEHYBaHHAM.
HepBoBo-M's130Bi TpeHYBaHH:A IPOBOAVIINCA BIIPOJOBXK HEPiofly IECTH TVUXKHIB, 3aHATTA NPOXOAVWIN I AT JHIB Ha TIDKIEHDb
(3 moHemiNKa 110 I ATHUILIO), 3 TPUBAJCTIO 60 XBUINH KOXHE.
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Pesynbraru. B yyacHUKIB eKCIIepUMEHTA/IbHOI IPYIIN CIIOCTEPIranocs JOCTOBipHe IOKPAlleHHS TOKa3HMUKIB AK IIBUJIKOCTI,
TaK i BUOYXOBOI CH/IM MOPIBHAHO 3 KOHTPOJIbHOIO rpymolo (p < 0,05). CepenHi 3Ha4eHH: Ta CTaHAAPTHE BiIXVWICHH MIBUKOCTI
B eKCIIEPMMEHTA/IbHIN TPy cTanoBuau 7,15 + 0,71 nepep Mo4aTKOM IPOBEIEHHA TecTy Ta 6,54 * 0,61 mic/iA iforo saBepIueHHs.
T BOYXOBOI CHIH 11l TIOKa3HUKY CTaHOBWIM 2,36 * 0,32 Ha eTali IepeATecTOBOro JOCTimKeHH Ta 2,55 + 0,39 — Ha eTami mic-
naTecToBoro nepiofy. CyTTeBe MOKpalleHH:A IOKa3HUKIB HIBUIKOCTI Ta BM6yXOB0'1' CUIN B €KCIIEPMMEHTA/IbHIN IPyIIi, IMOBipHO,
OB sI3aHe 3 IIPOBEeJEHHAM IIeCTUTIDKHEBOI IIPOrpaMi HEPBOBO-M sI30BIX TPEHYBAHb, SIKa CIIpUs/Ia WIBUAKII (isnyHiil aganranii
¢byr6omicTiB.

BucHoBku. Peanisanis 1mecTuTIOKHEBOI IpOrpaMyt HEPBOBO-M A30BMX TPEHYBaHb CHpysIa eeKTUBHOMY IOJMIIEHHIO
MOKa3sHMKIB MIBUIKOCTI Ta BuOyxoBoi cvm ¢yToomicTiB. [JoBefieHo, 110 TaKMil TUI TPEHYBaHb € BICOKOC(PEKTUBHIM METOLOM
omrTyMisanii 3a3HaYeHNX TOKA3HUKIB Y PyTOOMICTIB.

KirouoBi cmoBa: HepBoBO-M 5130B€ TPEHYBaHH:, IIOKa3HUKY MIBUKOCTI, HOKa3HUKM BUOYX0BOI cuy, pisndHa afjanTaris.
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Abstract

Objectives. This study aimed to examine the physiological response to speed endurance soccer training (SEST),
which involved the measurement of heart rate (HR), blood lactate (LAC), and blood pressure (BP) are measured

during the four-week intervention period.

Materials and methods. The one-group pretest-posttest pre-experimental design was used in this study. The study
comprised 15 male amateur soccer players with an average age of 16.13 + 0.52 years. The participants’ mean

height was 167.4 + 4.63 cm, weight was 57.69 + 12.11 kg, and BMI was 20.44 + 3.45 kg/m?. The data findings are
presented using the mean and standard deviation. The paired t-test was employed to assess the impact of each group.
The threshold for statistical significance was set at a p-value of less than 0.05. The effect size (ES) was calculated using
Cohen’s ES as a metric to quantify the magnitude of the difference between the pretest and posttest stages.

Results. The HR results monitoring during the intervention period were in the high-intensity zone, with an average
0f 91.67 + 0.6 % and a HR of 187.67 + 1.24 bpm. No significant change was observed in the heart rate response

from baseline to end of intervention. The LAC results showed that the lactate level was in the high category, namely
an average of 11.03 + 1.3 mmol-L". BP indicated a significant difference between pretest and posttest (p < 0.05).

The systolic blood pressure (SBP) demonstrated an increase of A % = 0.95, while the diastolic blood pressure (DBP)

showed an increase of A % = 1.39.

Conclusions. The findings of this study indicate that SEST has a notable effect on the body’s physiological functions,
namely on the cardiovascular system, anaerobic metabolism, and blood pressure. This effect was observed over a

period of four weeks in amateur soccer players.

Keywords: blood lactate, blood pressure, heart rate, speed endurance soccer training.

Introduction

The progress of soccer places a greater demand on
players, especially in their capacity to handle the escalating
intensity of matches, both with and without possession of the
ball (Barnes et al., 2014; Bush et al., 2015; Nassis et al., 2020).
Consistent with prior studies, it has been determined that

© Kusuma, [. D. M. A. W,, Kusnanik, N. W,, Pramono, B. A.,
Pranoto, A., Phanpheng, Y., Nurpratiwi, R., Bawono, M. N,,
& Nurhayati, E, 2024.

oo Crmopm

§® TMOB
“A¥ 108 0BC

soccer is a sport that requires high levels of physical exertion.
The average heart rate during a soccer game reaches 85 %
of the maximum heart rate, and it is possible to attain an
intensity of 90-95% of the maximum heart rate (Mendez-
Villanueva et al., 2013; Rebelo et al., 2014). To meet the
high physical demands in soccer, physical training alone
is insuflicient; a combination with tactical training is also
necessary (Kusuma, Kusnanik, Lumintuarso, & Phanpheng,
2024). Recent research has identified a holistic training
method known as Speed Endurance Soccer Training (SEST),
which has been proven to enhance the abilities of soccer
players (Kusuma, Kusnanik, Lumintuarso, Setijono, et al.,
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2024). However, this research has limitations, particularly
the lack of an in-depth study on physiological responses,
such as heart rate (HR), blood lactate, and blood pressure.
Understanding physiological responses is crucial to ensure
that the training aligns with its objectives (Clemente et al.,
2023; Dello Iacono et al., 2022; Lechner et al., 2023). These
indicators are vital in determining whether the training goals
are met, as they provide insight into the internal load and
the body’s adaptation to training. Therefore, further studies
that integrate physiological aspects into the evaluation of the
SEST program are essential to ensure its effectiveness and
appropriateness for soccer players.

Previous research on physiological responses has been
carried out but is still separated into two studies, namely
HIIT and SSG (Arslan et al., 2017; Koklit & Alemdaroglu,
2016; Kunz et al., 2019; Ouertatani et al., 2022; Radziminski
etal., 2013). Studies analyzing physiological responses to the
combined training concept of HIIT and SSG are still very
limited. Previous research has analyzed heart rate and blood
lactate responses to SSG training combined with running
training, but this study did not analyze blood pressure
variables (Koklii et al., 2020). Physiological responses that
can be monitored from the exercise process are blood lactate
(LAC), heart rate (HR), and systolic and diastolic blood
pressures (SBP and DBP) (D. M. Forte et al., 2022; Koklu
et al., 2017). By knowing the lactate level in the blood, you
will know the type of exercise a person is doing at an aerobic
or anaerobic level and a person’s physical fitness (Selmi et
al., 2021). Meanwhile, measuring blood pressure during
exercise can provide information about the cardiovascular
response to physical activity (Arboleda-Serna et al., 2016).

Many coach, both professional and amateur, have
included the SEST training idea into their programs, even
if they do not openly refer to it by name. This approach
incorporates both physical and tactical elements under a
single training model. SEST involves various acts in soccer,
including passing, dribbling, crossing, shooting, sprinting,
as well as situations such as attacking, transitioning, and
defending. In order to enhance physical performance, it is
important to examine an individual’s physiological reaction
throughout the execution of this exercise. To investigate the
physiological response of LAC, HR, SBP and DBP during
SEST training, it is imperative to do study on this topic. It is
anticipated that it can offer more reliable information in the
realm of sports coaching, particularly for soccer coaches,
whether they are professionals or amateurs.

Materials and Methods

Study participants

The population for this study consisted of 117 male soc-
cer player. This study included a sample of 15 male soccer
players with an average age of 16.13 + 0.52 years. The par-
ticipants had an average height of 167.4 + 4.63 cm, weight of
57.69 + 12.11 kg, and BMI of 20.44 + 3.45 kg/m™.

Study Organization

The research employed a pre-experimental procedure
utilizing a one-group pretest and posttest design. Subjects
were given a pretest to determine their initial HR, LAC, and

BP. Next, the subject was given SEST for four weeks with
a frequency of three times a week, and intensity 80-90 %
HRmax. After treatment, the samples were given a posttest
in the final week to determine differences in physiological
responses to SEST. Apart from that, each sample training
session continues to have its HR and BP monitored, while its
LAC was monitored once a week. The process of gathering
data involved the use of an OMRON automatic equipment
(OMRON Model HEM-7130 L, Omron Co., Osaka, Japan)
to measure BP. HR measurement utilizing the Polar H10
Sensor, manufactured by Polar Inc. in the United States.
Concurrently, LAC levels were assessed using the Accutrend
Plus Meter (Accutrend® lactate meter, Roche Diagnostics,
Mannheim, Germany).

Statistical Analysis

The data is displayed in the form of the mean and standard
deviation. The Shapiro-Wilk test was employed to evaluate the
normality of the data. The percentage change (A%) between
the pretest and posttest results during the training period was
determined using the formula: A % = ((Post-Pre)/Pre)*100.
Apaired t-test was performed to assess the effect within each
group. The threshold for statistical significance was established
at a p-value of less than 0.05. Cohen’s effect sizes (ES) were
calculated to measure the extent of disparities between groups.
A value of ES more than 0.8 was categorized as big, while a
value between 0.8 and 0.5 was classified as medium. A value
between 0.5 and 0.2 was considered minor, and any value
below 0.2 was regarded as negligible, according to Cohen
(2013).

Results

The normality test using the Shapiro-Wilk test shows
that the data was normally distributed with a significance
value of Sig > 0.05. Next, a paired sample t-test was carried
out with the results in Table 1.

Table 1. Pretest and posttest results of SEST

Parameter Pretest Posttest A% p ES

Heart Rate (bpm) 185.64 +6.59 186.80 +5.16 0.62 0.600 0.140

Heart Rate (%) 90.67 +3.14 91.24+2.51 0.62 0.600 0.140
Lactate (mmol/L) 10.33+2.31 9.87+0.98 4.45 0.410 0.220
SBP (mmHg) 119.33 £2.97 118.20 £3.00 0.95 0.000"2.190
DBP (mmHg) 76.80 +£2.62 7573 +£2.46 1.39 0.000"1.110

Description: Data are presented as mean + SD; A (%): Percentage
of change between pre and post-training performance; p: Level of
significance; ES: Effect size; (*): Significant at pretest (p < 0.05).

Based on the research results Table 1 shows the pretest
and posttest analysis data where the SBP and DBP values
have a significant difference with p < 0.05, with an increase
of 0.96% in SBP and 1.39% in DBP. Meanwhile, other
parameters did not show significant differences.

Figure 1 above shows that the results of HR monitoring
on SEST are in the high category where, in each training
session, the average heart rate is above 90%, whereas if we
look at the average for 4 weeks of training, the heart rate
shows an average of 91.67 + 0.6 %.
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Fig. 2 above shows LAC monitoring during the four
weeks of SEST. If we look at the LAC results per week, it
shows that lactate was 10.33 £2.23 mmol/L in the first week,
12.83 +1.74 mmol/L in the second week, 11.08 +0.98 mmol/L
in the third week, and 9.87 + 0.94 mmol/L in the fourth week.
Meanwhile, if we look at the total of four weeks of SEST
sessions, the average LAC result was 11.03 + 1.3 mmol/L.
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Fig. 3. BP Monitoring for four-weeks

Fig. 3 above shows the BP monitoring results for each
training session for four weeks. The average SBP and DBP
results for each exercise show the normal limits below
120 mmHg and 80 mmHg. If we look at the average for
four weeks, it was that SBP: 114.21+3.07 mmHg and DBP:
71.47 +3.46 mmHg.

Discussion

This study analyzes the physiological response to SEST
during 4 weeks of treatment. The findings showed that the
HR response during exercise entered the high-intensity
zone with an average of 91.67+0.6% and a heart rate of
187.67 +1.24 beats/min. There was no significant change in
heart rate response from the start of treatment to the end.
The response from lactate taken 4 times showed that the
lactate level was in the high category, namely an average
of 11.03 £+ 1.3 mmol-L". An interesting finding was an in-
crease in the first 2 weeks and a relative decrease in the final
2 weeks, while blood pressure showed a significant difference
between the pretest and posttest. SBP shows an increase of
A% = 0.95, while DBP shows an increase of A % = 1.39.

Significant findings related to physiological responses,
especially in HR levels during four weeks of SEST. Over four

weeks, it was observed that the training zone was consistently
in the high zone for each training session. These results align
with previous research, which examined the response of
SSG combined with running drill to produce a heart rate of
88.9+2.5% HRmax in the 3-a-sided model and 86.8 + 4.0 %
HRmaxinthe4-a-sided (Kokliietal.,2020). Previousresearch
also obtained similar results, namely that the HR level was
in the high category (Brandes & Elvers, 2017; Halouani et
al., 2017). The increase in HR occurs simultaneously with
a decrease in parasympathetic stimulus and an increase in
autonomic sympathetic stimulus, which during exercise is
caused by proprioceptors (movement), baroreceptor reflexes
(carotid dilation), and chemoreceptors (low pO,, high pCO,,
and H+ in the bloodstream) (O’Leary, 1996). These findings
indicate that SEST training consistently induces high levels of
cardiovascular activity, with exercise participants’ HR falling
into the high category. This phenomenon can be interpreted
as a physiological response that occurs due to the high
intensity of the exercise. The sustained increase in HR over
four weeks indicates that the exercise participants continued
to experience significant cardiovascular stress, resulting in
cardiac adaptation to the continuous training load. These
findings provide a further understanding of the effects of SEST
training on the cardiovascular system, and the implications can
be used by trainers to design appropriate training programs to
increase endurance (Brandes & Elvers, 2017).

This study highlights interesting findings related to phys-
iological responses, specifically to LAC levels. In the first two
weeks of SEST, a significant increase in LAC levels after the
training session was found to be 12.83 + 1.74 mmol-L. These
results are in line with previous research which examined
the response of combined SSG with a running drill, which
produced LAC 9.6+ 1.9 mmol-L" in the 3-a-sided model and
8.2+1.79 mmol-L'in4-a-sided (Kokli et al., 2020). Previous
research also obtained similar results, namely high Lactad
levels (Chmura et al., 2023). Elevated lactate concentrations
are believed to result from glycolytic flow rates (Gladden
et al., 1995; MacRae et al., 1992). This indicates that the
exercise participants experienced an increase in anaerobic
metabolic rate, reflecting the high intensity of the exercise.
An interesting finding in the last two weeks of the study was
a tendency to decrease LAC levels after the SEST training
session. Even though there was a decrease, the lactate re-
sults in the third and fourth weeks were 9.87 +0.94 mmol-L .
This value was still in the high category, which exceeded the
lactate threshold of the lactate curve according to the Steg-
mann procedure (Faude et al., 2013, 2014). The decrease in
lactate can be interpreted as the working of the Cori cycle
in the liver. The Cori cycle refers to the metabolic pathway
of lactate produced by anaerobic glycolysis in muscle cells,
which is transferred to the liver and converted into glucose
for eventual return to the muscles (Yang et al., 2020). Ad-
ditionally, the decrease may reflect the body’s adaptation to
sustained exercise, where the exercise participant becomes
more efficient in his metabolic processes. A decrease in LAC
levels does not significantly reflect a decrease in exercise in-
tensity or reduced physiological impact but rather indicates
the body’s ability to adapt to high-intensity exercise over
time (Hostrup & Bangsbo, 2023).

In the Panveloski-Costa et al. (2012), the decrease in
blood lactate concentration after 6 weeks of exercise was
based on the effectiveness of muscle performance in storing
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PCr. An increase in muscle ability to resynthesize PCr is
possible because training during the first 2 weeks increases
muscle function (volume and number of muscle fibers) so
that a lot of PCr is stored in it after 2 weeks of training.
Forbes’ study also found increased PCr resthesis in thigh
muscles, which also carried out high-intensity exercise for
2 weeks (Forbes et al., 2009).

The pretest and posttest results showed that SBP and
DBP had significant differences. However, if seen from
monitoring each exercise, there were variations in increasing
and decreasing blood pressure. This study’s findings align
with previous research with positive results in reducing
blood pressure (Carpes et al., 2022; Costa et al., 2018).
However, the sample in the study was people who had
hypertension. Other studies have found decreased DBP
due to HIIT training (Leal et al., 2020; Way et al., 2019).
Other research proves a decrease in SBP in HIIT training
(Oliveira et al., 2023). Different findings from the previous
study that compared the BP response in the HIIT and MICT
exercise models, which resulted in a reduction in diastolic
blood pressure only in the MICT model (Arboleda-Serna
et al., 2019). This indicates that SEST training may have
varying effects on exercise participants’ blood pressure over
time. These fluctuations can reflect individual responses to
training intensity and the body’s adaptation to changing
workloads. These findings provide important insight that
BP responses in the context of SEST exercise may vary, and
understanding these dynamics may be an important factor
in designing effective and safe exercise programs.

Conclusions

SEST produces significant physiological impacts
with dynamic cardiovascular system responses, anaerobic
metabolism, and blood pressure over a four-week training
period. This understanding can be the basis for designing
exercise programs that suit the physiological responses of
exercise participants
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Abstract

Objectives. This study aimed to compare the effects of wrestling and sumo wrestling as similar combat sports
activities in a training program on technical wrestling scores, wrestling performance indexes, and intrinsic

motivation in youth practitioners.

Materials and methods. A randomized controlled trial using a single-blinded design, and repeated measures of
parallel groups (sumo-based group: EG, n = 19, aged = 12.42 + 0.87 years; and only wrestling group: CG, n = 19,
aged = 12.41 + 0.78 years) was conducted. Three 65-minute weekly sessions for four weeks were dedicated to the
interventions. A two-factor mixed analysis of variance (ANOVA) model with repeated measures was performed to

assess the group vs. time impact analysis.

Results. The findings revealed a significant interaction between the variables, whereby higher values were observed
for technical wrestling scores on the attempted head and arm throw test (F, ;3 = 356.2; p < 0.001; ES = 0.60), wrestling
performance indexes on the pushing opponent test (F, ;s = 8.31; p = 0.009; ES = 0.08), intrinsic motivation for effort/
importance item (F ;3 = 12.24; p = 0.003; ES = 0.82) and intrinsic motivation item (F,,;; = 19.36; p = 0.000; ES = 0.24)

in favor of EG.

Conclusions. In conclusion, the sumo-based training program produces significantly greater responses on technical
performance, and intrinsic motivation, specifically regarding wrestling training.
Keywords: motivation, combat sports, transfer learning, martial arts, technical performance.

Introduction

Learning should be a pleasure (Mak & Fancourt, 2020),
discovering new concepts to understand the world better.
Pleasure may seem incompatible with school-based learning

© Melki, H., Hernandez-Martinez, J., Herrera-Valenzuela, T.,
Cid-Calfucura, I., Magnani Branco, B. H., & Valdés-Badilla, P,
2024.
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and a waste of time for some people (Nailer et al., 2023).
According to Ryan and Deci (2021), motivation is a dynamic
state relative to each student. For this reason, Wijnia (2020)
showed that motivation should be generated in learning
so that each student wants to learn. Motivation has been
identified as a critical factor influencing student learning
outcomes (Lo et al., 2022). Creating an environment
conducive to learning seems necessary so that students feel
comfortable in it and thus reduce their fear of academic
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achievement (Quansah et al., 2022). From this perspective,
Ramlan et al. (2023) stated that transfer involves using
previous performance and learning experiences in a
particular context and then adapting these experiences to
similar or different contexts. The area of affective learning,
which aims to promote feelings, attitudes, emotions, and
social behavior, has been an educational objective of physical
education for almost a century (Testers et al., 2020).

In this sense, a systematic review by Teraoka et al. (2020)
shows that physical education classes promote affective
learning based on feelings, attitudes, emotions, and social
behaviors. Including combat sports in physical education
classes stimulates affective learning and the development of
motor skills (Pereira et al., 2022). The different modalities
of combat sports through continuous, intermittent and
object-mediated physical contact are capable of developing
multiple motor skills, allowing balanced motor development
in children and adolescents (Pereira et al., 2022).

Within combat sports, we find wrestling, which can
stimulate discipline in children and youth (Biletic et al.,
2023). In this perspective, Melki et al. (2019) have pointed
out that wrestling can be fun and safe for children and
adolescents. Besides, it allows children to develop physical
skills such as speed, agility, and muscular endurance (Geng,
2020), carrying out activities such as pulling, pushing,
bending, squeezing, and twisting (Balushka et al., 2020).
The critical factor of success in wrestling is technical rather
than strength, given that a certain level of strength has been
developed to achieve mastery of the technique (Cieslinski et
al., 2021). There are two styles of wrestling in competitions,
i.e., the Freestyle and the Greco-Roman (Cieélinski et al.,
2021). The Freestyle includes the upper and lower body
and is characterized by intermittent short-duration and
high-intensity efforts (Chaabene et al., 2017). On the other
hand, the Greco-Roman style only permitted upper body
movements and presented a combat time of 6 min (2 rounds
x 3 min) (Chaabene et al., 2017). Besides that, Chaabene et al.
(2017) state that wrestling offers various moral development
experiences, such as mature self-concept, decision-making,
self-control, and sportsmanship. More specifically, for
Destani et al. (2014) to use the concept of fair play, students
can learn to obey rules and develop personal and social
responsibility for their behavior.

Conversely, sumo is a traditional Japanese sport in which
two wrestlers fight to push their opponent out of the circle
or make any part of their body touch the ground (Nakagawa
& Nakagawa, 2022). In this regard, Reicher (2020) indicated
the similarity between wrestling and sumo in terms of
their technical and physical characteristics. Therefore,
sumo wrestlers must develop power, agility, balance, and
aerobic capacity (Nakagawa & Nakagawa, 2022). In a study
conducted by Beekley et al. (2006) on trained adult sumo
wrestlers, they observed that they had higher body weight,
body fat percentage, skeletal muscle mass, and maximum
oxygen consumption (VO,max) absolute compared to
untrained wrestlers; these differences being significant
(p < 0.05). However, this may be different according to the
age range of the wrestlers, which is indicated by Arakawa et
al. (2020) in Japanese elite wrestlers, showing that wrestlers
younger than 12 years old show a significant decrease
(p < 0.05) in body fat percentage compared to wrestlers
older than 20 years old.

There is evidence of the effects of wrestling, such as
sumo, on anthropometric variables, such as developing
technical and tactical skills and affective learning (Beekley
et al., 2006; Destani et al., 2014; Melki et al., 2019). So far,
the effects on intrinsic motivation, as well as technical and
tactical skill development, are unknown when comparing
wrestling with sumo as an intervention.

The purpose of the study is to compare the effects of
wrestlingand sumo wrestling as similar combat sports activities
in a training program on technical wrestling scores, wrestling
performance indexes, and intrinsic motivation in youth.

Materials and Methods

Participants

According to a previous study in combat sports (Bra-
sil et al., 2020), the ideal number of participants per group
was 17 subjects. For this calculation, an average difference
of 1.2% in body fat percentage was used as the minimum
difference required for substantial clinical relevance, with a
standard deviation of 0.22, considering an alpha level of 0.05
was considered with a power of 80 % and an expected loss of
15 %. GPower software (version 3.1.9.6, Franz Faul, Univer-
sity of Kiel, Germany) was used to calculate statistical power.

The inclusion criteria were: (i) enrolled in a wrestling
promotion center in Manouba (It is located in the north of
Tunisia, near the coast of the Gulf of Tunis [Mediterranean
Sea], the capital of the country, the city of Tunis, and the
Mejerda River), that agrees to participate in the interven-
tion; (ii) age range between 10 and 12 years old; (iii) have
been practicing for more than 6 months; (iv) attend > 85%
of the sessions scheduled for the training session. Exclusion
criteria were the following: (i) any musculoskeletal injuries
or medical contraindications (i.e., congenital heart disease,
fever, diarrhea, or general malaise) that would prevent their
average performance in the assessments and intervention;
and (ii) novice practitioners without any prior knowledge
of combat sports. This requirement was applied to prevent
post-transfer effects between sports (Smeeton et al., 2004).
Eligibility was verified for 50 youth: 5 refused participation,
4 were ineligible, and 3 were excluded. A total of 38 par-
ticipants (22 boys and 16 girls) were randomly assigned to
either the EG (n = 19; mean age = 12.42 + 0.87 years old)
or the CG (n = 19; mean age = 12.41 + 0.78 years old). The
youth did not present pain before the assessments or during
the training sessions, without presenting injuries during the
intervention.

All participants had to accept the criteria for using and
handling the data by signing an informed consent and assent
form their parents or guardians because they were minors,
authorizing the use of the information for scientific purposes.
The research protocol was approved by the research of of
Universidad Auténoma de Chile (approval number: N° 18-
2018) and developed following the Declaration of Helsinki
with human beings.

Procedure

We conducted a randomized controlled trial, single-
blinded (evaluators), repeated measures of parallel groups
with equal distribution of youth in a wrestling promotion
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center in Manouba, Tunisia, distributed in experimental
group (EG; participated in a training program center on
sumo-based as a preparatory phase combined with techni-
cal training in wrestling) and a control group (CG; followed
only a wrestling technical training). The randomization was
performed using the randomizer internet site'. The method-
ology followed was the Consolidated Standards of Reporting
Trials (CONSORT) guidelines (Turner et al., 2012). The in-
terventions were conducted over four weeks, comprising
12 sessions. These sessions occurred thrice weekly (on Mon-
days, Wednesdays, and Fridays) for 65 minutes each. The
assessments included anthropometric variables, technical
wrestling scores, performance indexes, and intrinsic motiva-
tion. All assessments were conducted in the afternoon (be-
tween 17:00 and 19:00 h) and in the exact location (wrestling
promotion center, with the control of variables, temperature,
and investigators that applied the procedures in pre- and
post-assessments).

Following the International Society for the Advancement
of Kinanthropometry (ISAK), all assessments were
performed according to the ISAK guidelines (Marfell-Jones
etal., 2012). A digital scale (Seca 769, Germany; accuracy of
0.1 kg) was used to measure body weight, and a stadiometer
(Seca 220, Germany; accuracy of 0.1 cm) was used to
measure height. Each participant’s body mass index (BMI)
was calculated by dividing weight in kilograms by the square
of height in meters.

An individual assessment grid has been specially
designed to assess wrestlers’ technical skill during the bouts,
covering the following elements (Melki & Bouzid, 2023):
(1) number of successful holds by head and arm throws,
which is defined by Stordopoulos et al. (2016), as any hold
awarding 4 points to a wrestler in a standing position that
causes his opponent to lose all contact with the ground,
moving him in the air and bringing him to the ground in a
position of direct danger, (ii) number of unsuccessful head
and arm throws, when the wrestler does not complete the
execution of the hold and the referee does not award points
and, (iii) number of attempted head and arm throws.

During bouts conducted for both groups at the end of
training sessions, a total score of “1” or “4” was awarded
to each student who met the two technical performance
criteria (United World Wrestling, 2017): (i) pushing the
opponent outside the playing area by lifting and controlling
him. The referee stops the bout and awards 1 point and,
(ii) performing a throw using the head and arm to place the
opponent on his back by losing any contact with the mat.

Youth’s intrinsic motivation was calculated using
an adapted version of Ryan (1982) Intrinsic Motivation
Inventory (IMI, in Supplementary Material), the IMI was
conducted with students who can speak and understand
English (the evaluators tried to explain the inventory both
collectively and individually). It comprises fourteen items
suitably reworded for the specific context for use in sports
settings by McAuley et al. (1989). The IMI contains four
subscales: interest/enjoyment, effort/importance, perceived
competence, and tension/ pressure. Sample items were:
“I enjoyed wrestling very much,” “I think I am pretty good
at wrestling training,” “I put much effort into wrestling
training,” and “T felt tense while doing wrestling”” Students

"https://www.randomizer.org

rated their answers on a 7-point scale (1 strongly disagree and
7 strongly agree). These subscales have been used in previous
physical education-based studies in which adequate validity
and acceptable internal reliability (between 0.68 and 0.84)
were demonstrated (McAuley et al., 1989; Wang et al., 2017).

Training program

The training program is based on a previous study
(Melki & Bouzid, 2023) regarding wrestling techniques
and sumo exercises. For both groups (EG and CG), a single
session of both programs lasted up to 65 minutes: 10 min
of standardized general warm-up, 10 min of specific warm-
up based on oppositional skills, followed by 35 min of
basic training, followed by individual reference bouts (this
bout takes place with a change of time with an objective
determined in advance by the coach, for example, only the
head and arm throw technique is applied for the duration of
the bout) and concluded by a 5-min of wrestling bouts and
5-min recovery period using dynamic and static flexibility
exercises. One session was devoted at the end of the
training program to assess each participant’s morphological
variables, technical wrestling scores, wrestling performance
indexes, and intrinsic motivation. Both group’s (EG and
CQG) training programs were based on technical wrestling
sessions, including learning head and arm throws. For the
EG, sumo was used as an associated preparatory phase to
the same technical wrestling program. At the end of each
training session, all participants participated in one-on-one
reference bouts.

The central part of the training program for the EG
(sumo-based) consisted of exercises centered on sumo as
a preparatory phase combined with technical training for
wrestling. The exercises were divided into 15 minutes of
sumo varieties: taking the opponent out of a circle, marking
the wrestling area, or knocking him down, and 20 minutes
of wrestling techniques.

For the CG, the central part consists of 35 min of
technical training in wrestling. Lessons included learning
the arm and head throwing technique, followed by a series of
progressive and complex learning situations. The throwing
techniques taught during the 12 lessons were similar to the
combined approach: the attacking body positions, arms
control, and head position. The complexity of the exercises
increased progressively throughout the sessions. At the end
of each training session, the participant played wrestling
matches freely for 5 minutes. After the intervention
program, all participants assessed morphological variables,
technical wrestling scores, wrestling performance indexes,
and intrinsic motivation.

Statistical Analysis

Firstly, the Shapiro-Wilk test was used to determine
the data normality. The values were reported as mean
and standard deviation after the normality confirmation
(p > 0.05). The t-test for independent samples was used
to assess differences in youth anthropometric variables,
technical wrestling scores, wrestling performance indexes,
and intrinsic motivation between the whole sample of the
EG and CG. A two-factor repeated measures of analysis of
variance (ANOVA) were used to measure the group vs. time
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effect of all variables. When the group vs. time interaction
was significant, the Bonferroni post-hoc test was applied
to establish possible intragroup differences (pre vs. post),
while intergroup differences (EG vs. CG) were determined
with the Mann-Whitney U test. The effect size (ES) was
determined through Cohen’s d, considering a small (0.20-
0.49), moderate (0.50-0.79), or large (> 0.80) effect (Cohen,
1992). A significant difference was established for all analyses
at 5 %. Data were analyzed with SPSS 25.0 statistical software
(SPSS 25.0 for Windows, SPSS Inc., Chicago, IL, USA).

Results

The mean differences in anthropometric variables
between the EG and CG are presented in Table 1. Indeed,
the mixed ANOVA revealed no significant group vs. time
interactions for anthropometric variables.

For the Technical Wrestling Score, the group vs. time
repeated measures ANOVA with Bonferroni post-hoc test
revealed a significant interaction for attempted head and arm
throw (F,,;s = 356.2; p < 0.001; ES = 0.60. Figure 3, Panel A)
in favor of the EG, but without significant interaction for
unsuccessful head and arm throw (F,,; = 2.67; p = 0.120;
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Fig. 1. Intra and intergroup multiple comparisons on technical
wrestling score in youth

Table 1. Baseline Characteristics of the sample
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Fig. 2. Intra and intergroup multiple comparisons on wrestling
performance index in youth

ES = -0.23. Figure 3, Panel B), and successful head and arm
throw (F,,3 = 0.88; p = 0.360; ES = 0.41. Figure 1, Panel C).

For the wrestling performance index, the group vs.
time repeated measures ANOVA with Bonferroni post-hoc
test revealed a significant interaction for pushing opponent
(Fy,15=8.31; p = 0.009; ES = 0.08. Figure 4, Panel A) in favor
of the EG, but without significant interaction for throw by
the head and arm (F,,;5 = 1.00; p = 0.331; ES = -0.09. Figure 2,
Panel B).

Concerning the intrinsic motivation, the group vs.
time repeated measures ANOVA with Bonferroni post-hoc
test revealed a significant interaction for effort/importance
(Fy,15= 12.24; p = 0.003; ES = 0.82. Figure 5, Panel C) and
intrinsic motivation (Fy,;3 = 19.36; p = 0.000; ES = 0.24.
Figure 5, Panel D) in favor of the EG, but without significant
interaction for interest/enjoyment (F,;; = 0.10; p = 0.761;
ES= 0.21. Figure 2, Panel A), and perceived competence
(Fy,1s = 1.70; p=0.209; ES = 0.03. Figure 3, Panel B).

Discussion

This study aimed to compare the effects of wrestling
and sumo wrestling as similar combat sports activities in a
training program on technical wrestling scores, wrestling
performance indexes, and intrinsic motivation in youth.
The training program lasted four weeks and was based

Assessment Group (Mean + SD) p-value 95% CI n’

EG(n=19) 12.42 £ 0.87

Age (years) 0.957 0.59 to 0.56 8.05
CG (n=19) 12.41 +0.78
EG(n=19) 148.50 + 3.01

Height (cm) <0.001 2.74 t0 7.47 0.35
CG(n=19) 153.60 +4.10
EG (n = 19) 48.89 +2.98

Body weight (kg) <0.001 -5.11 to -2.04 0.38
CG(n=19) 45.32 +1.42

BMI (kg/m?) EG (n=19) 2217+124  <0.001 37410 -2.12 0.60
CG(n=19) 19.24 +1.22

SD: Standard deviation. CI: confidence interval. BMI: body mass index. EG: experimental group. CG: control

group. p-value: significant value
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Fig. 3. Intra and intergroup multiple comparisons on intrinsic
motivation in youth

on three 65-minute weekly sessions, as stipulated in the
wrestling centers’ schedule. The primary outcomes indicated
the following: (i) for the indices of technical wrestling
performance, it was observed that the EG that used the sumo
method had a better performance in the test of head and arm
throwing attempts with a significant interaction compared to
the CG; (ii) the EG had a better wrestling performance index
as a result of improvements in the pushing the opponent test,
with a significant interaction compared to the CG. Although
the throwing and displacement techniques taught during the
12 sessions were similar in both groups, the improvements
in the EG that used the sumo method may be due to a
positive transfer of motor skills (Soderstrom & Bjork, 2015).
The comparison between the technical performances of the
two intervention groups showed that the motor learning
skills practiced by the participants in this study were more
valuable than traditional play and wrestling. In that sense,
we must understand motor learning as a set of internal
processes associated with practice and experience, which
are capable of generating changes in the ability to produce
motor activities through a specific skill (Cano-de-la-Cuerda
et al,, 2015; Torres-Moreno et al., 2022), favoring synaptic
neuronal connections, having multiple benefits, such as
the coordinated work of the cerebral hemispheres based on
their differences and functional specialties (Robinson et al.,
2017). Specifically, learning can produce a change in the
physical and biochemical structure of the brain, resulting in
a brain reorganization that impacts the expression of skills
and behaviors (Drews et al., 2013; Tompsett et al., 2017).
Furthermore, these adaptations can be expressed globally
in forming new synapses or modifying already established
synaptic connections (Cano-de-la-Cuerda et al., 2015;

Torres-Moreno et al., 2022). In addition, according to Cole
et al. (2018), motor learning would not only be generated
in the short term, as could be identified in this four-week
intervention, but through brain stimulation, it would be
shown as an enhancer with long-term retained effects in the
primary motor cortex, essential structure to develop motor
learning.

Based on the above, our results agree with the specific
literature, which supports the positive effects of training
programs of different durations on technical performance
(Wulf & Lewthwaite, 2016). In contrast, the sumo training
sessions influenced the average scores of the EG and
showed a higher level of intrinsic motivation than those of
the CG, specifically for the effort/importance and intrinsic
motivation item. With everything mentioned up to this
point, our findings also agree with Parlebas and Dugas
(2005), who reported an interspecific learning transfer
between similar activities. Also, sumo has been described
as a preparatory activity for other sports (Beekley et al.,
2006; Nakagawa & Nakagawa, 2022). Our results coincide
in regrouping similar activities in the same family. In this
sense, Bengué (2000) states that this physical taxonomy
confirmed that these activities, whether sports or not, have
common characteristics that allow them to be grouped. This
positive effect of the sumo approach (i.e., EG) on children’s
motivation could be because playing is more enjoyable
than practicing the technique (Vansteenkiste et al., 2010).
Indeed, we noticed that the CG quickly lost their motivation
to practice the technique with exercises; in this sense, it is
essential to know that the maturation of certain functions
accompanies the capacity for sustained and self-directed
attention, so it is necessary to seek synchronization of the
vestibular, perceptual and visual processes of each child,
regardless of their abilities to execute of a program with
motor interventions (Emami Kashfi et al., 2019; Torres-
Moreno et al., 2022). Our results agree with White et al.
(2021), who noted that this finding could be considered a
central element in the extent to which physical education
teachers should promote an active physical life and showed
that sumo-based training could improve children’s intentions
to become physically active. Apparently, the sumo-based
method can be a source of positive transfer, supports
intrinsic motivation, and can develop positive attitudes in
children and adolescents (Gonzélez et al., 2018).

Instead, it has been reported that learning training
styles affect skill acquisition and transfer, which has posed
a significant problem for coaches and trainers seeking to
develop the most effective teaching skills (Praxedes et al.,
2022). For motor control learning to be effective, Renshaw
et al. (2022) confirmed that skill practice must be adaptable
to new situations the learner encounters (task-to-task
transfer) and that the skill must also be retained over time
once acquired. In this sense, wrestling and sumo seem to be
physical activity strategies that can be adapted to the needs
of children and contribute to their development, which
requires further research.

This study’s potential limitations include a lack of control
over food intake and a failure to complete a food record
(to understand the youth’s dietary profiles, including their
protein, carbohydrate, lipid, and micronutrient intake), both
of which could affect the children’ technical wrestling scores
and wrestling performance indexes. The training program
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was four weeks and included only twelve training sessions;
thus, our findings should be interpreted cautiously, given
that long-term interventions are required to verify them.
Finally, only one psychological result has been evaluated:
intrinsic motivation. Among the study’s main strengths,
we could mention the inclusion of an active control group
and the randomization of the participants, which improves
the internal consistency of the study and increases external
validity through protocolized and validated evaluations and
a scientifically based training design. We suggest conducting
future studies in larger groups that explore other forms of
mental power in gaming contexts.

Conclusions

As a preparation activity for wrestling, the sumo-based
training program produces significantly greater responses on
technical wrestling scores, wrestling performance indexes,
and intrinsic motivation regarding only wrestling training
in youth. Likewise, the EG (sumo-based) offered significant
changes in technical wrestling scores related to the number of
attempted head and arm throws and repetitions that pushed
the opponent out of the combat area. In addition, it was asso-
ciated with higher levels of intrinsic motivation and the need
to be physically active. The presence of an inter-sport learning
transfer related to technical skills in wrestlers performances
should encourage coaches and trainers to develop and opti-
mize training programs that consider technical and physical
similarities between certain sports, such as combat sports.
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B3aemoo6MiH MeTOANKOI0 HaBYaHHA Y CNOPTUBHIN 60pOoTb6i
Ta CyMO fAK CropifHEeHNX BUAIB EANHO60PCTB: BNAMB Ha TeXHIUHY
pe3ynbTaTUBHICTb Ta BHYTPILLHIO MOTMBALil0 OHNX CMOPTCMEHIB

Xaccan Menki?**“PE; Ixopaan Epuanpmec-MapTtinec*45CP,
Tomac Eppepa-Banencyena**®?, xam Cig-Kanspykypa®42<P,

Bpaynio Enpike ManbsaHi Bpanko®*°P, [Ta6no Banbaec-bapginpsa’3ABPE

"Bumuit iHcTUTyT ciopty Ta ¢isnunoro Buxosanua Kcap Cain
*TyHicbKmit BipTyanbHuUI yHiBepCcUTeT

*YuiBepcnret Jloc-Jlaroca

*YuiBepcuret CauTbsro-pe-mi

*YuiBepcurer Canro-Tomac
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SYuiBepcuret Binbsa-gens-Map

ABTOpCHKNMIT BK/IAZ: A — Iu3aiiH focimpKenHs; B - 36ip nanux; C - crarananis; D - migroroska pykonucy; E - 36ip xourris

Pedepar. Crartst: 7 c., 1 Tabi., 3 puc., 41 mxepern.

Merta mocaimKeHHA. MeTOI0 I[bOTO JOCTIIKEHHS 6yno 3[iICHUTY TTOPiBHANBHMIA aHAJIi3 BIVIMBY CIIOPTUBHOI 60p0Tb6I/I Ta
60pOoTHOM CYMO SIK CIIOPifHEHNX BUAIB €AMHOOOPCTB B paMKax TPEHYBaIbHOI IPOrpaMi Ha pe3y/IbTaTy BUKOHAHHS TeXHIYHMX
Iiit y 60poTb0i, TOKa3HUKY Pe3y/IbTaTUBHOCTI 00pOTHOM Ta BHYTPILIHIO MOTHBAIIII0 MOJIOZ, sIKa 3a/IMA€ThCA 3a3HAYCHUMM BU-
JlAMM CIIOPTY.

Marepianu ta meropu. IIpoBefieHo paHgOMi30BaHe KOHTPOIbOBAHE AOCTI/KEHHS i3 3aCTOCYBaHHAM OJMHAPHOTO CJIlIOrO
MeTO/ly Ta MOBTOPHUX BUMIpIOBaHb y Iapaje/IbHUX IpyHax (Tpyma, o 3ariMaerbcsa cymo: EL n = 19, Bik = 12,42 + 0,87 pokis;
i rpymna, 1o 3alIMa€TbCA BUKITIOYHO 60p0Tb6OIOI K[, n =19, Bik = 12,41 + 0,78 pokiB). [l111 npoBefieHH iHTepBeHIii 6y710 nepep-
6aueHO TpM 65-XBWIMHHUX IOTIDKHEBUX Cecil IPOTATOM YOTUPHOX TVDKHIB. 3 METOH0 OL[iHKM IPYIOBOTO Ta 4aCOBOTO e(eKTy
Oys10 poBeneHo ABOGAKTOPHMI 3Milnanmit gucnepcirumit ananis (ANOVA) 3 TOBTOpHUMM BUMIiPIOBaHHAMI.

Pesynpraru. 3a OTpMMAHMMU JAHUMI BCTAHOB/ICHO 3HAYYIINMIT B3AEMO3B 30K MDXX 3MIHHMM, BifITIOBITHO HO SIKOTO BHUII{
3HAYeHHsI CIIOCTEPIraiNCsl y pe3y/nbTaTtax TeXHIYHNUX Aiil y 60poTb6i Iiff yac TeCTOBMX BUNIIPOOYBAaHb HAa BUKOHAHHS KUJKIB Yepes
rojIoBy Ta 3a gornomoromo pyk (F,s = 356,2; p = < 0,001; ES = 0,60), mokasHUKIB pe3ylIbTaTUBHOCTI 60OpOTHOM 3a TECTOM HA Bif-
IITOBXYBaHHA cynporusHuka (F s = 8,31; p = 0,009; ES = 0,08), BHyTpilrHbOi MOTHBAIIil 32 TApaMeTPOM «3YCHUJIIA/3HAYYILiCT»
(Fris = 12,24; p = 0,003; ES = 0,82) Ta mokasHukom BHyTpiuraboi motusaril (F,, = 19,36; p = 0,000; ES = 0,24) Ha xopucts EI.

BucnoBku. OTxe, BIIPOBa/PKeHH:A TPEHYBaIbHOI IIPOrPaMyl Ha OCHOBI CYMO, 3abe3IIeuye 3HaYHO BUII TOKQ3HMKY TeXHI4HOI
Pe3yIbTaTUBHOCTI Ta BHYTPIIIHBOI MOTHMBAILI, 30KpeMa, I[OI0 TPEeHYBaHb 3 60pOTHOM.

KirouoBi cmoBa: MoTHBallis, EAUHOOOPCTBA, IepefaBanbHe HaBYaHH:A, 60IOBi MICTEIITBA, TeXHIYHA Pe3y/IbTaTUBHICTD.
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Abstract

Objectives. This study aimed to develop and validate a learning model of physical activity-based freedom of

movement in kindergarten.

Materials and methods. This study used a design-based research (DBR) method, which involved twelve experts

in early childhood education and physical activity education to help validate the learning model. The stages of
development included research and information collecting, planning, development of a preliminary product form,
and validation. A statistical analysis was carried out using Aiken’s V value to test the model’s validity.

Results. This study successfully developed a learning model of physical activity-based freedom of movement in
kindergarten, consisting of four main elements: “I love the Earth”, “I love Indonesia”, “Playing and cooperating” / ”We
are all siblings”, and “My imagination” / “Imagination and creativity”. Based on the validity test conducted with twelve
experts, the learning model of physical activity-based freedom of movement in kindergarten received an Aiken’s V

value of 0.82, which exceeds the minimum standard of 0.80.

Conclusions. The findings indicate that implementing the learning model of physical activity-based freedom of
movement has been considered as an appropriate pedagogical approach for kindergarten learning. The analysis
shows that the model is aligned with children’s developmental needs and supports an interactive and creative learning
approach consistent with the Merdeka Curriculum in Indonesia.

Keywords: development, validation, physical activity, freedom, kindergarten.

Introduction

The early years of a child’s life are crucial for setting
the foundation for lifelong health and well-being (Davis et
al., 2017). Research suggests that the development of basic
movement skills and the implementation of a structured
physical activity program in kindergarten are essential
(Abusleme-Allimant et al., 2023; Wang et al., 2022; Dapp
et al., 2021). These initiatives not only support the physical
development of young children but also contribute to
their social, emotional, and cognitive growth (Kuzik et al.,
2020a). Evidence indicates that engaging in diverse physical
activities helps cultivate fundamental movement skills,
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key to children’s overall development and their ability to
participate in various physical and recreational activities.
Physical activity in early childhood education has fostered
holistic development (Aubert et al., 2018). These initiatives
crucially promote physical competencies and encourage
positive attitudes towards active lifestyles (Messing et al.,
2019). Studies emphasize the importance of outdoor play
in improving fundamental movement sKkills, highlighting
the direct impact of physical activity on a child’s health and
development.

Despite the recognized importance of early physical
development, a substantial gap exists in offering structured,
high-quality physical activity programs in kindergartens
(Cheung, 2020). This shortfall is significant because play
is crucial for teaching children new social skills, rules,
and movements, foundational for their overall growth and
development (Giske et al., 2018; Wenz-Gross et al., 2018).
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The Covid-19 pandemic has exacerbated this situation,
leading to reduced opportunities for children to engage in
fundamental motor skills activities, further widening the
gap in physical development support during critical early
years (Abe et al., 2022; Moore et al., 2021; Pascal & Bertram,
2021). Regular physical activities are pivotal for improving
cardiovascular fitness, enhancing motor skills, and fostering
overall health. Research has demonstrated that the goal of
play is effective goal play is effective in improving motor
skills in early childhood, underlining the importance of
such activities in the developmental phase to adapt to others
and the environment (Tandon et al., 2020; Han, A. et al.,
2018). These structured programs must improve children’s
ability to develop fundamental movement and motor skills
effectively, essential for their physical, cognitive, and social
development.

The link between regular physical activity and the
cognitive as well as social development of children is well
established (Zhao & Chen, 2018). Research has consistently
shown that physical activity positively impacts mental
function, offeringafoundational base forimprovingacademic
performance and cognitive development in children (Jylanki
et al,, 2022; Biddle et al., 2019; Singh et al., 2019). In the
context of early childhood education, especially within the
innovative framework of the Independent Curriculum in
Indonesia, movement-based learning emerges as a potent
tool for fostering an environment conducive to creativity
and improved learning outcomes (Simarmata & Mayuni,
2023; Mukminin et al., 2019). This curriculum’s emphasis
on freedom and flexibility in learning strategies aligns with
the findings that physical engagement not only bolsters
fundamental motor skills but also aids in the holistic
development of children, encouraging active participation
and engagement in the learning process. The absence of
adequate physical activity has been linked to diminished
academic performance and cognitive development,
underscoring the necessity for structured physical activity
programs integrated into the educational curriculum to
support children’s overall development (de Greeff et al.,
2018). This backdrop creates a compelling argument for
developing and validating the model of physical activity-
based freedom of movement in kindergartens aimed at
harnessing the benefits of physical activity for cognitive and
social development in a structured and meaningful way.

Educators and institutions face multifaceted challenges
in implementing effective physical activity programs (Blewitt
et al,, 2020). This model of physical activity-based freedom
of movement must be suitable for kindergarten learning and
promote cognitive, affective, and psychomotor development
in young learners. Designing a learning model that balances
the educational objectives with the physical development
needs of children requires a nuanced understanding of how
physical activity influences learning and development across
different domains (DiPietro et al., 2020). Evaluating these
models’ effectiveness poses challenges, including identifying
appropriate metrics and assessment tools that accurately
measure outcomes in cognitive, affective, and psychomotor
domains (Han, J. et al., 2023; Gilic et al., 2022). Integration
into existing curricula is another significant hurdle, as it
necessitates reevaluating traditional teaching methods and
incorporating physical activities to complement and enhance
the educational experience without disrupting the learning

flow (Mavilidi et al., 2018). These challenges underscore the
need for comprehensive model design criteria that consider
the diverse benefits of physical activity and strategies for
overcoming obstacles related to unclear aims, inappropriate
delivery methods, and the harmonious blending of physical
activities into educational frameworks.

Materials and Methods

Study Participants

The study’s participants comprised a carefully selected
group of experts and practitioners in early childhood
education and physical activity for young children.
Specifically, the expert group consisted of twelve individuals
renowned in their respective domains: one academic
expert in early childhood education and one in physical
activity from Higher Education Institutions, alongside four
seasoned early childhood education experts who serve as
senior kindergarten principals in Yogyakarta. This diverse
assembly of experts was chosen based on their extensive
experience, scholarly contributions, and practical insights
into developing and implementing physical activity in early
childhood settings. This study also involved six expert
practitioners and senior early childhood educators
from various kindergartens in Yogyakarta. These expert
practitioners were selected due to their direct involvement
and firsthand experience in facilitating young children’s
learning and physical development within the kindergarten
environment.

Study Organisation

The research method in this study is Design-Based
Research (DBR). This methodology systematically designs
interventions to improve educational practices through a
collaborative approach involving educators, researchers,
and other stakeholders. Within this framework, the study
seeks to address real-world problems in kindergarten by
developing and validating a model of physical activity-
based freedom of movement. This methodology supports
the continuous refinement of educational strategies based
on feedback and findings from each implementation phase,
allowing for the adaptation and improvement of the model to
meet specific needs effectively (Tinoca et al., 2022). Through
DBR, this study aims to create a practical, evidence-based
program that can enhance young learners’ engagement in
kindergarten students’ physical activity, thereby promoting
their overall well-being and laying a solid foundation for a
lifelong active lifestyle.

The research procedures in this study are divided into
four main stages: research and information collecting, plan-
ning, development of the preliminary form of a product, and
validation. This structured approach ensures a systematic
approach to developing and validating the product (Kom-
aini et al., 2021). The initial stage, research and information
collecting, encompasses a comprehensive range of activities,
including literature review, observation, documentation, ex-
pert interviews, surveys, needs analysis, focus group discus-
sions, and conceptual framework development. This stage
is crucial for gathering relevant data and insights that will
inform the subsequent phases of the study, ensuring that the
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development of the model physical activity is grounded in
solid research and meets the identified needs and interests
of kindergarten students, as well as the requirements of their
teachers and parents.

In the planning stage, the collected data from the
research and information collecting phase is analyzed and
synthesized to gain a deeper understanding of kindergarten
students’ specific needs and interests in physical activity,
incorporating the concept of freedom of movement.
This understanding is critical for designing an effective
physical activity that aligns with the developmental stages
and interests of the target group. Following the planning
phase, the development of the preliminary form of a product
phase involves designing, developing, and drafting an initial
model of the planned physical activity-based freedom of
movement in kindergarten. This preliminary model is
crafted carefully considering the insights gained from the
earlier stages, aiming to create an engaging, developmentally
appropriate, and pedagogically sound program that promotes
a model of physical activity-based freedom of movement in
kindergartens.

Twelve experts were tasked with the evaluation process
in the pedagogical experiment designed to assess the quality
model of physical activity-based freedom of movement in
kindergartens. These evaluators are selected based on strin-
gent criteria to ensure a comprehensive and informed as-
sessment. First, each expert and practitioner must possess
at least five years of experience in their respective fields.
This experience is crucial for providing a depth of under-
standing and insight into the model’s effectiveness and ap-
plicability. Second, the evaluators must be active practitio-
ners, lecturers, or teachers in early childhood education and
physical activity. This ensures they have current and relevant
experience with the age group and subject matter. Finally, a
deep understanding of key topics is mandatory: early child-
hood education, physical activity, freedom of movement,
and the independent curriculum. This multidimensional
expertise is essential for assessing the model’s potential to
enhance physical education in kindergartens, fostering a
holistic approach to developing young children within the
framework of the modern educational landscape.

Statistical Analysis

This study’s data analysis techniques encompass quanti-
tative and qualitative methodologies to thoroughly evaluate
the effectiveness model of physical activity-based freedom of
movement in kindergartens. The quantitative aspect of the
analysis utilized an evaluation form featuring a five-point
Likert rating scale, with scores ranging from 5 (highly ap-
propriate) to 1 (highly inappropriate). This scale facilitated
the structured data collection regarding the appropriateness
and effectiveness of the model from the perspectives of ex-
perts and practitioners. The development of this instrument
drew upon the foundational work of ensuring a grounded
approach in relevant prior research (Boa et al., 2018). Sub-
sequently, the collected data were analyzed using SPSS ver-
sion 23, a statistical software package, to calculate the mean,
standard deviation, and V Aiken values. These statistical
measures provided insights into the validity of the quanti-
tative model, offering a rigorous assessment of the model’s
efficacy. The choice of SPSS for data analysis underscores

the study’s commitment to employing robust statistical tools
to derive meaningful conclusions from the data collected,
thereby ensuring a comprehensive evaluation of the peda-
gogical intervention (Afifah et al., 2022).

The selection of quantitative and qualitative data
analysis techniques comprehensively assessed the suitability
model of the physical activity-based freedom of movement
for integration into the kindergarten learning process.
The quantitative analysis allowed for the numerical
evaluation of responses obtained through the Likert rating
scale, providing measurable insights into the appropriateness
and effectiveness of the model. On the other hand, qualitative
analysis provided a deeper understanding of the nuanced
perspectives and experiences of experts and practitioners
regarding the feasibility and potential impact of the model.
Combining these two approaches, the study offered a holistic
evaluation that would inform decision-making regarding
incorporating the model into kindergarten curricula,
ensuring a well-rounded assessment of its pedagogical
efficacy and suitability for educational contexts.

Results

The first stage in developing a model of physical activity-
based freedom of movement in kindergarten is research
and information collection. In this study, the research and
information collection stage consists of a literature review,
observation, documentation, expert interviews, surveys,
needs analysis, focus group discussions, and the formulation
of a conceptual framework. This stage is crucial as it provides
the foundational groundwork that significantly influences
the success model of developing a physical activity-based
freedom of movement in kindergarten. The following
diagram explains the process of research and information
collection in this study:

8. Formulation of the
Conceptual Framework

W
f’ ~.

1. Literature Review

7. Focus Group
Discussions

2. Observation

Research and Information
Collecting

=

A 4

6. Needs Analysis 3. Documentation

4. Expert Interviews

A

5. Surveys

Fig. 1. Research and Information Collection Design

Planning is the next stage to be undertaken after the
research and information collection process. During the
planning stage, analysis and synthesis of the data collected
during the research and information collection process
are carried out. The main data in this context pertains to
the needs and interests of kindergarten students and the
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needs of teachers and parents regarding the learning process
of physical activities based on freedom of movement in
kindergarten. Based on the analysis and synthesis conducted,
a model of physical activity for kindergarten students that is
effective and suitable for the needs of the students and their
surrounding environment is ultimately designed.

The designed physical activity model will include various
activities based on freedom of play, which involves minimal
teacher intervention and interpretations of fundamental move-
ments. These basic movements consist of exploration, chas-
ing, fleeing, dodging, volleying, dribbling, spatial awareness,
kicking, directing, throwing, catching, dancing proficiency, un-
derstanding relationships, striking with a racket, striking with
a long-handled implement, game skills, effort, perseverance,
weight transfer, rolling, jumping, landing, and gymnastics skills.

In the Develop Preliminary Form of a Product stage,
the researcher successfully integrated various concepts and
elements obtained during the Planning stage into a cohesive
activity model. This initial model includes all the aspects
of the designed physical activity model, such as various
physical activities, teaching methods and techniques,
and implementation guidelines to support the successful
application of the developed model. The following is the
design of a physical activity-based freedom of movement
program in kindergartens that has been created.

The next step after research and information collection
and developing a preliminary form of a product is the

Dribbling Dancing Proficiency

L) 4

| Volleying | I Kicking and Directing I
L) L)

| Chasing, Flecing, and Dodging | | Throwing and Catching |
L) L)

| Exploration | | Spatial Awareness I
L) LY

I Love the Earth \/ 1 Love Indonesia
Freedom of
Movement
Playing and Cooperating/We /\ My Imagination/Imagination
Are All Siblings and Creativity

13 ¥

| Understanding Relationships | I Effort and Perseverance |
L 2 v

| Striking with a Racket | | Weight Transfer and Rolling |
L 2 L 2

| Striking with a Long-Handled Implement | I Jumping & Landing |
v 2

| Game Skills | | Gymnastics Skills I

Fig. 2. Design of the Physical Activity-Based Freedom of
Movement in Kindergarten

validation of the model by twelve practitioners, including
academic experts, senior kindergarten principals, and
senior early childhood education educators. The validation
is based on internal and external factors. The internal
factors consist of five indicators: model quality, results
alignment with objectives, model clarity, model novelty,
and data source reliability. The external factors comprise
five indicators: model relevance, policy implications,
theoretical contribution, model generalization, and model
user suitability. The following are the data analysis results of
validating a physical activity-based freedom of movement in
kindergarten, conducted using SPSS.

In the model validation stage conducted with twelve
experts, the data obtained are presented in Table 1. Based
on the model validation, it is found that the model of
physical activity-based freedom of movement program
in kindergartens has a mean of 4.29, a standard deviation
of 0.44, and an achievement percentage of 85.83 %.
Furthermore, Aiken’s V analysis was conducted with five
assessment categories to evaluate the feasibility of a model
of physical activity-based freedom of movement program
in kindergartens. According to the minimum standard for
Aiken’s V in validity testing, this model shows a value of
0.80 with a probability of 0.05. The Aiken’s V test calculation
for the validation process data by twelve experts indicates a
score of 0.82, which signifies that the model is considered
valid for use according to the experts’ assessment.

Discussion

This study aims to develop and validate a model of physi-
cal activity-based freedom of movement program in kinder-
gartens. Based on the validation and evaluation results by
experts and practitioners, this model has proven valid and
suitable for application in early childhood education. The vali-
dation indicates that the model aligns with the ten established
indicators: Alignment with research objectives, alignment of
research results, clarity of conclusions, novelty of findings,
reliability of data sources, relevance of the research theme,
policy implications, contribution to theory, generalization of
findings, and quality of findings. These aspects are crucial for
the comprehensive development of early childhood educa-
tion, as supported by studies from Smith et al., (2022) and
Wyatt-Smith et al., (2024) which highlight the importance of
aligning educational models with clear objectives and reliable
data. The model is designed with various important aspects
in mind, such as quality, clarity, novelty, and relevance to the
educational goals for early childhood in Indonesia.

The results of this study align with various related
publications discussed in the introduction. Based on the
model validation stage conducted with twelve experts, data
indicate that a model of physical activity-based freedom

Table 1. Validation Results of the Physical Activity-Based Freedom of Movement in Kindergarten

E, E, E; E, E; E¢ E, Eg E, Ey, E, E. Mean
Mean 440 350 425 410 480 350 425 485 475 415 425 470 429
Standard Deviaton 050 051 044 031 041 051 044 037 044 037 044 047 044
Achievement Percentage 88% 70% 85% 82% 96% 70% 8% 97% 95% 83% 85% 94% 85.83%
V Aiken Values 0.82
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of movement program in kindergartens has an Aiken V
value of 0.82, surpassing the minimum standard of 0.80.
This suggests that the developed model is considered valid
by the experts. These findings support previous research,
such as that by Wang et al. (2023) and Abusleme-Allimant
etal. (2023) which emphasizes the importance of structured
physical activity models in supporting children’s physical
and cognitive development. This study also reinforces the
findings of Jeon & Jun (2021), Kuzik et al. (2020) and Jones
etal. (2019) which show that engagement in diverse physical
activities can enhance fundamental motor skills and holistic
development in children. Consistency with research by
Martin-Rodriguez et al. (2024) is also evident, highlighting
that physical activity improves physical competence
and fosters a positive attitude towards an active lifestyle.
Furthermore, this study supports the findings of (Nordmo
& Meland, 2023) and (Laxdal et al., 2020) regarding the
significance of outdoor play in enhancing fundamental
motor skills and children’s health.

Considering the potential practical application of this re-
search, it is important to emphasize that a model of physical
activity-based freedom of movement program in kindergar-
tens can be easily integrated into the Indonesian kindergar-
ten curriculum. This model is designed with early childhood
developmental needs in mind and can be adapted to suit
each school’s local context and specific needs. Implement-
ing this model requires support from teachers, parents, and
policymakers to ensure its success and optimal benefits for
children’s development. These findings align with previous
studies by Kemble et al. (2024) and Belton et al. (2022) high-
lighting the importance of integrating physical activity into
early childhood education to support holistic development.
Additionally, the necessity of teacher training and support
in implementing such models is supported by research from
Barnett et al. (2019) which emphasizes that professional de-
velopment for educators is crucial in achieving the desired
outcomes in children’s physical and cognitive growth. This
study also resonates with the findings of Cassar et al. (2019)
and Ward et al. (2018) underscoring the role of comprehen-
sive school and community support in successfully adopting
physical activity programs in early education settings.

The results of this study open opportunities for further
research to examine the long-term effectiveness of this
model and its impact on a broader population. Future
research could explore various evaluation and measurement
methods to understand better the model’s effects on wider
aspects of child development. These considerations are
supported by studies such as those by Siraj et al. (2023) and
Hofstee et al. (2022) which emphasize the importance of
longitudinal research in assessing the sustained impact of
early childhood interventions. Additionally, subsequent
studies might investigate the factors influencing the
successful implementation of this model, including the role
of teachers, institutional support, and family participation.
Thus, this research provides a solid foundation for practical
application and offers clear directions for further research
and development in early childhood education.

Conclusions

This study successfully developed and validated a physi-
cal activity model based on freedom of movement in kinder-

garten. It is suitable for kindergarten learning and aimed at
enhancing children’s physical, cognitive, and social develop-
ment in their early years of education. Validation by twelve
experts revealed that the developed physical activity model
has an Aiken V value of 0.82, exceeding the minimum stan-
dard of 0.80, thus confirming that the model is valid and suit-
able for use. The analysis shows that the model aligns with
children’s developmental needs and supports an interactive
and creative learning approach consistent with the Indepen-
dent Curriculum in Indonesia. In addition to stimulating
children’s motor skills, the model also significantly contrib-
utes to the overall quality of education in kindergarten.

The results of this study are consistent with various
previous studies that emphasize the importance of structured
physical activity in supporting children’s development.
This model can be easily integrated into the kindergarten
curriculum with support from teachers, parents, and
policymakers. Training for teachers is also crucial to ensure
the model’s effectiveness. This research opens opportunities
for further investigation into the model’s long-term efficacy
and impact on a broader population, as well as exploring
factors influencing the successful implementation of the
model, including the role of kindergarten teachers and
support from Indonesian government institutions.

Acknowledgment

We sincerely thank the authors and institutions for
continuously supporting this research. We also extend our
appreciation to the academic community of Semarang
State University. Furthermore, we are very grateful to the
principals and kindergarten teachers in Yogyakarta for their
support throughout the research process.

Conflict of interest

All authors confirm that we have no conflicts of interest.

References

Davis, M., Costigan, T., & Schubert, K. (2017). Promoting
lifelong health and well-being: Staying the course to
promote health and prevent the effects of adverse
childhood and community experiences. Academic
Pediatrics, 17(7), S4-S6.
https://doi.org/10.1016/j.acap.2016.12.002

Abusleme-Allimant, R., Hurtado-Almonacid, J., Reyes-Amigo,
T., Yanez-Sepulveda, R., Cortés-Roco, G., Arroyo-Jofré,
P, & Pdez-Herrera, J. (2023). Effects of structured and
unstructured physical uctivity on gross motor skills
in preschool students to promote sustainability in the
physical education classroom. Sustainability, 15(13), 1-14.
https://doi.org/10.3390/su151310167

Wang, G., Zi, Y, Li, B,, Su, S,, Sun, L., Wang, F, Ren, C., & Liu,
Y. (2022). The effect of physical exercise on fundamental
movement skills and physical fitness among preschool
children: Study protocol for a cluster-randomized
controlled trial. International Journal of Environmental
Research and Public Health, 19(10), 1-16.
https://doi.org/10.3390/ijerph19106331

Dapp, L. C., Gashaj, V., & Roebers, C. M. (2021). Physical
activity and motor skills in children: A differentiated

724



Hidayat, A. K., Setyawati, H., Hidayatullah, F.,, & Hartono, M. (2024). Development and Validation of a Physical Activity-Based Freedom
of Movement in Kindergarten

approach. Psychology of Sport and Exercise, 54(1), 1-8.
https://doi.org/10.1016/j.psychsport.2021.101916

Kuzik, N., Naylor, P-]., Spence, J. C., & Carson, V. (2020a).
Movement Behaviours and Physical, Cognitive,
and Social Emotional Development in Preschool
Aged Children: Cross Sectional Associations Using
Compositional Analyses. PLoS ONE, 15(8), 1-16.
https://doi.org/10.1371/journal.pone.0237945

Aubert, S., Barnes, J. D., Abdeta, C., Abi Nader, P., Adeniyi, A.
F, Aguilar-Farias, N., Andrade Tenesaca, D. S., Bhawra,
J., Brazo-Sayavera, J., Cardon, G., Chang, C.-K,, Delisle
Nystrom, C., Demetriou, Y., Draper, C. E., Edwards, L.,
Emeljanovas, A., Gaba, A., Galaviz, K. I., Gonzilez, S.
A., ... Tremblay, M. S. (2018). Global matrix 3.0 physical
activity report card grades for children and youth: Results
and analysis from 49 countries. Journal of Physical
Activity and Health, 15(S2), S251-S273.
https://doi.org/10.1123/jpah.2018-0472

Messing, S., Riitten, A., Abu-Omar, K., Ungerer-Rohrich,
U., Goodwin, L., Burlacu, I., & Gediga, G. (2019). How
can physical activity be promoted among children and
adolescents? A systematic review of reviews across
settings. Frontiers in Public Health, 7(1), 1-15.
https://doi.org/10.3389/fpubh.2019.00055

Cheung, P. (2020). Teachers as role models for physical
activity: Are preschool children more active when their
teachers are active? European Physical Education Review,
26(1), 101-110.
https://doi.org/10.1177/1356336X19835240

Giske, R., Ugelstad, I. B., Torill Meland, A., Helen Kaltvedt,
E., Eikeland, S., Egil Tonnessen, E, & Lie Reikeras, E. K.
(2018). Toddlers’ social competence, play, movement
skills and well-being: an analysis of their relationship
based on authentic assessment in kindergarten. European
Early Childhood Education Research Journal, 26(3), 362-
374. https://doi.org/10.1080/1350293X.2018.1463904

Wenz-Gross, M., Yoo, Y., Upshur, C. C., & Gambino, A. J.
(2018). Pathways to kindergarten readiness: The roles
of second step early learning curriculum and social
emotional, executive functioning, preschool academic
and task behavior skills. Frontiers in Psychology, 9(1),
1-19. https://doi.org/10.3389/fpsyg.2018.01886

Abe, T., Kitayuguchi, J., Fukushima, N., Kamada, M., Okada,
S., Ueta, K., Tanaka, C., & Mutoh, Y. (2022). Fundamental
movement skills in preschoolers before and during the
COVID-19 pandemic in Japan: a serial cross-sectional
study. Environmental Health and Preventive Medicine,
27(0), 22-49. https://doi.org/10.1265/ehpm.22-00049

Moore, S. A., Sharma, R., Martin Ginis, K. A., & Arbour-
Nicitopoulos, K. P. (2021). Adverse effects of the
COVID-19 pandemic on movement and play behaviours
of children and youth living with disabilities: Findings
from the national physical activity measurement (NPAM)
study. International Journal of Environmental Research
and Public Health, 18(24), 1-19.
https://doi.org/10.3390/ijerph182412950

Pascal, C., & Bertram, T. (2021). What do young children
have to say? Recognising their voices, wisdom, agency
and need for companionship during the covid pandemic.
European Early Childhood Education Research Journal,
29(1), 21-34.
https://doi.org/10.1080/1350293X.2021.1872676

Tandon, P.,, Hassairi, N., Soderberg, J., & Joseph, G. (2020).
The relationship of gross motor and physical activity
environments in child care settings with early learning
outcomes. Early Child Development and Care, 190(4),
570-579. https://doi.org/10.1080/03004430.2018.1485670

Han, A, Fu, A,, Cobley, S., & Sanders, R. H. (2018).
Effectiveness of exercise intervention on improving
fundamental movement skills and motor coordination in
overweight/obese children and adolescents: A systematic
review. Journal of Science and Medicine in Sport, 21(1),
89-102. https://doi.org/10.1016/j.jsams.2017.07.001

Zhao, M., & Chen, S. (2018). The effects of structured
physical activity program on social interaction and
communication for children with autism. BioMed
Research International, 2018, 1-13.
https://doi.org/10.1155/2018/1825046

Jylénki, P., Mbay, T., Hakkarainen, A., Sdakslahti, A., & Aunio,
P. (2022). The effects of motor skill and physical activity
interventions on preschoolers’ cognitive and academic
skills: A systematic review. Preventive Medicine, 155(0),
1-10. https://doi.org/10.1016/j.ypmed.2021.106948

Biddle, S. J. H., Ciaccioni, S., Thomas, G., & Vergeer, 1.
(2019). Physical activity and mental health in children
and adolescents: An updated review of reviews and an
analysis of causality. Psychology of Sport and Exercise, 42,
146-155. https://doi.org/10.1016/j.psychsport.2018.08.011

Singh, A. S, Saliasi, E., van den Berg, V., Uijtdewilligen, L.,
de Groot, R. H. M., Jolles, ]., Andersen, L. B., Bailey,
R., Chang, Y.-K., Diamond, A., Ericsson, L., Etnier, J.
L., Fedewa, A. L., Hillman, C. H., McMorris, T., Pesce,
C., Piihse, U., Tomporowski, P. D., & Chinapaw, M. J.
M. (2019). Effects of physical activity interventions on
cognitive and academic performance in children and
adolescents: a novel combination of a systematic review
and recommendations from an expert panel. British
Journal of Sports Medicine, 53(10), 640-647.
https://doi.org/10.1136/bjsports-2017-098136

Simarmata, H. A., & Mayuni, L. (2023). Curriculum Reform
in indonesia: From competency-based to freedom of
learning. International Journal Of Pedagogical Novelty
(IJOPNOV), 2(2), 1-13.

Mukminin, A., Habibi, A., Prasojo, L. D., Idi, A., & Hamidabh,
A. (2019). Curriculum reform in indonesia: Moving
from an exclusive to inclusive curriculum. Center for
Educational Policy Studies Journal, 9(2), 53-72.
https://doi.org/10.26529/cepsj.543

de Greeff, J. W,, Bosker, R. J., OQosterlaan, J., Visscher, C.,
& Hartman, E. (2018). Effects of physical activity on
executive functions, attention and academic performance
in preadolescent children: a meta-analysis. Journal of
Science and Medicine in Sport, 21(5), 501-507.
https://doi.org/10.1016/j.jsams.2017.09.595

Blewitt, C., Morris, H., Jackson, K., Barrett, H., Bergmeier,
H., O’Connor, A., Mousa, A., Nolan, A., & Skouteris, H.
(2020). Integrating health and educational perspectives
to promote preschoolers social and emotional learning:
Development of a multi-faceted program using an
intervention mapping approach. International Journal of
Environmental Research and Public Health, 17(2), 1-24.
https://doi.org/10.3390/ijerph17020575

DiPietro, L., Al-Ansari, S. S., Biddle, S. J. H., Borodulin, K.,
Bull, E C., Buman, M. P, Cardon, G., Carty, C., Chaput,

725



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 5

J.-P, Chastin, S., Chou, R., Dempsey, P. C., Ekelund,
U., Firth, J., Friedenreich, C. M., Garcia, L., Gichu,
M., Jago, R., Katzmarzyk, P. T, ... Willumsen, J. E
(2020). Advancing the global physical activity agenda:
Recommendations for future research by the 2020 WHO
physical activity and sedentary behavior guidelines
development group. International Journal of Behavioral
Nutrition and Physical Activity, 17(1), 1-11.
https://doi.org/10.1186/512966-020-01042-2

Han, J., Cui, N, Lyu, P, & Li, Y. (2023). Early-life home
environment and child cognitive function: A meta-

analysis. Personality and Individual Differences, 200,
111905. https://doi.org/10.1016/j.paid.2022.111905

Gilic, B., Malovic, P,, Sunda, M., Maras, N., & Zenic, N. (2022).

Adolescents with higher cognitive and affective domains
of physical literacy possess better physical fitness: The
importance of developing the concept of physical literacy
in high schools. Children, 9(6), 1-14.
https://doi.org/10.3390/children9060796

Mavilidi, M. E, Ruiter, M., Schmidt, M., Okely, A. D,,
Loyens, S., Chandler, P,, & Paas, E (2018). A Narrative
review of school-based physical activity for enhancing
cognition and learning: The importance of relevancy and
integration. Frontiers in Psychology, 9(0), 1-17.
https://doi.org/10.3389/fpsyg.2018.02079

Tinoca, L., Piedade, J., Santos, S., Pedro, A., & Gomes, S.
(2022). Design-based research in the educational field:
A systematic literature review. Education Sciences, 12(6),
1-19. https://doi.org/10.3390/educscil 2060410

Komaini, A., Hidayat, H., Ganefri, G., Alnedral, A., Kiram,
Y., Gusril, G., & Tri Mario, D. (2021). Motor learning
measuring tools: A design and implementation using
sensor technology for preschool education. International
Journal of Interactive Mobile Technologies (IJIM), 15(17),
177. https://doi.org/10.3991/ijim.v15i17.25321

Boa, E. A., Wattanatorn, A., & Tagong, K. (2018). The
development and validation of the Blended Socratic
Method of Teaching (BSMT): An instructional model to
enhance critical thinking skills of undergraduate business

students. Kasetsart Journal of Social Sciences, 39(1), 81-89.

https://doi.org/10.1016/.kjss.2018.01.001

Afifah, S., Mudzakir, A., & Nandiyanto, A. B. D. (2022). How
to calculate paired sample t-test using SPSS software:
From step-by-step processing for users to the practical
examples in the analysis of the effect of application
anti-fire bamboo teaching materials on student learning
outcomes. Indonesian Journal of Teaching in Science, 2(1),
81-92. https://doi.org/10.17509/ijotis.v2i1.45895

Smith, K., Maynard, N., Berry, A., Stephenson, T., Spiteri,
T., Corrigan, D., Mansfield, J., Ellerton, P, & Smith, T.
(2022). Principles of Problem-Based Learning (PBL) in
STEM education: Using expert wisdom and research to
frame educational practice. Education Sciences, 12(10),
1-20. https://doi.org/10.3390/educscil2100728

Wryatt-Smith, C., Adie, L., & Harris, L. (2024). Supporting
teacher judgement and decision-making: Using focused
analysis to help teachers see students, learning, and
quality in assessment data. British Educational Research
Journal, 50(3), 1420-1448.
https://doi.org/10.1002/berj.3984

Wang, G., Zeng, D., Zhang, S., Hao, Y., Zhang, D., & Liu, Y.
(2023). The effect of different physical exercise programs

on physical Fitness among preschool children: A cluster-
randomized controlled trial. International Journal of
Environmental Research and Public Health, 20(5), 1-11.
https://doi.org/10.3390/ijerph20054254

Jeon, H., & Jun, S. (2021). Outdoor playground design criteria
development for early childhood development: A delphi
study from the perspective of fundamental movement
skills and perceptual-motor skills. International Journal
of Environmental Research and Public Health, 18(8), 1-19.
https://doi.org/10.3390/ijerph18084159

Kuzik, N., Naylor, P.-]., Spence, J. C., & Carson, V. (2020b).
Movement behaviours and physical, cognitive, and social-
emotional development in preschool-aged children:
Cross-sectional associations using compositional
analyses. PLOS ONE, 15(8), 1-16.
https://doi.org/10.1371/journal.pone.0237945

Jones, R. A,, Sousa-S4, E., Peden, M., & Okely, A. D. (2019).
Childcare physical activity interventions: A discussion
of similarities and differences and trends, issues, and
recommendations. International Journal of Environmental
Research and Public Health, 16(23), 1-13.
https://doi.org/10.3390/ijerph16234836

Martin-Rodriguez, A., Gostian-Ropotin, L. A., Beltran-
Velasco, A. I, Belando-Pedreo, N., Simoén, J. A., Lopez-
Mora, C., Navarro-Jiménez, E., Tornero-Aguilera, J. E,

& Clemente-Sudrez, V. J. (2024). Sporting Mind: The
interplay of physical activity and psychological health.
Sports, 12(1), 37. https://doi.org/10.3390/sports12010037

Nordmo, B. G. K., & Meland, A. T. (2023). Tracking possible
differences between female and male staff in promoting
physical activity towards girls and boys in the outdoor
playground of the kindergarten. European Early
Childhood Education Research Journal, 31(4), 577-591.
https://doi.org/10.1080/1350293X.2022.2151639

Laxdal, A., Johannsson, E., & Giske, R. (2020). The role of
perceived competence in determining teacher support in
upper secondary school physical education. The Physical
Educator, 77(2), 384-403.
https://doi.org/10.18666/TPE-2020-V77-12-9606

Kemble, H., Foster, M., Blamires, J., & Mowat, R. (2024).
Children and young people’s self-reported experiences
of asthma and self-management nursing strategies: An
integrative review. Journal of Pediatric Nursing, 77, 212-
235. https://doi.org/10.1016/j.pedn.2024.03.029

Belton, S., O’Brien, W., Murtagh, E., Costa, J., Issartel, J.,
McGann, J., & Manninen, M. (2022). A new curriculum
model for second-level physical education: Y-PATH
PE4Me. Curriculum Studies in Health and Physical
Education, 13(2), 101-122.
https://doi.org/10.1080/25742981.2021.2018941

Barnett, E. Y., Ridker, P. M., Okechukwu, C. A., & Gortmaker,
S. L. (2019). Integrating children’s physical activity
enjoyment into public health dialogue (United States).
Health Promotion International, 34(1), 144-153.
https://doi.org/10.1093/heapro/dax068

Cassar, S., Salmon, J., Timperio, A., Naylor, P.-]., van Nassau,
E, Contardo Ayala, A. M., & Koorts, H. (2019). Adoption,
implementation and sustainability of school-based
physical activity and sedentary behaviour interventions
in real-world settings: a systematic review. International
Journal of Behavioral Nutrition and Physical Activity,
16(1), 120. https://doi.org/10.1186/s12966-019-0876-4

726



Hidayat, A. K., Setyawati, H., Hidayatullah, F.,, & Hartono, M. (2024). Development and Validation of a Physical Activity-Based Freedom

of Movement in Kindergarten

Ward, S., Chow, A. E, Humbert, M. L., Bélanger, M.,

Mubhajarine, N., Vatanparast, H., & Leis, A. (2018).
Promoting physical activity, healthy eating and gross
motor skills development among preschoolers attending
childcare centers: Process evaluation of the Healthy Start-
Départ Santé intervention using the RE-AIM framework.
Evaluation and Program Planning, 68, 90-98.
https://doi.org/10.1016/j.evalprogplan.2018.02.005

Siraj, L., Melhuish, E., Howard, S. J., Neilsen-Hewett, C.,

Kingston, D., De Rosnay, M., Huang, R., Gardiner, J.,
& Luu, B. (2023). Improving quality of teaching and

child development: A randomised controlled trial of
the leadership for learning intervention in preschools.
Frontiers in Psychology, 13(1), 1-18.
https://doi.org/10.3389/fpsyg.2022.1092284

Hofstee, M., van der Velde, B., Huijding, J., Endendijk, J.,

Kemner, C., & Dekovi¢, M. (2022). The direct and
indirect effects of parenting behaviors and functional
brain network efficiency on self-regulation from infancy
to early childhood: A longitudinal mediation model.
Infant Behavior and Development, 69(1), 1-14.
https://doi.org/10.1016/j.infbeh.2022.101769

Po3po6ka Ta Banipauia mogeni ¢pisnyHoi akTMBHOCTI, W0 6a3yeTbcA
Ha 3a6e3ne4yeHHi BiNbHOro pyxoBOro pexumy B AUTAYOMY CafKy

Adid Xoitpyn Ximaar'*BPE, Xeni CerbaBari' P, ®ypkon Xigasarynna®PE, Myriiio Xaprono'P®

'CeMapaHICbKUIL iep>KaBHMIT YHIBEpCUTET
*YHiBepcHUTeT OAUHAUATOrO OepesHs

ABTOpCHKMIT BRI A — nu3aiis gocnimpkenHs; B — 36ip ganux; C - cratananis; D - migrotoska pykormcy; E — 36ip komrtis

Pedepar. Crarrst: 8 ., 1 Tabu., 2 puc., 47 mxeper.

Mera gocmimxeHHs. MeTa 1IbOro JOCI/PKEHH [O/IAraa B po3po6iii Ta Balifauii HaB4aabHOI Moferi (GisMdHOI aKTUBHOCTI
Ha OCHOBI Bi/IbHOTO PYXOBOT'O PE&XKUMY B IUTAYOMY CafIKY.

Marepianu Ta MeTogu. Y poO0Ti 3aCTOCOBAaHO METOAMKY AM3AITH-OPIEHTOBAHOTO foCIipKeHHs (aHrI. design-based research,
DBR), o sAKoi Oy1o 3aly4eHo JBaHAAIATD eKCIEPTIiB y raTys3sax JOLIKIIbHOI OCBiTH Ta (i3sYHOro BUXOBAaHHSA 3 METOIO Baslijja-
uii HaByanbHOI Moger. ETany po3pobky BKIOYaMM JOCTIIKeHHs Ta 36ip iHdopMalii, TaHyBaHHs:, PO3pOOKY IMOIEpesHbOI
¢dbopmu mpopykTy Ta Bamifanito. [ mepeBipku BalTigHOCTI MOfiei 6Y/I0 MIPOBEIEHO CTATUCTUYHMII aHa/i3 3 BUKOPUCTAHHAM
V-3HauenHs koedirienra Eiikena.

Pesynbrati. Y paMkax L[bOTo JOCTiIKeHHA Oy/10 yCHilIHO po3po6IeHo HaByalbHy Mofienb (i3M4HOI aKTMBHOCTI, 1o 6a-
3yeThCsl Ha 3a0e3IedeHH] BITbHOTO PYXOBOTO PEXNMY B JUTSIYOMY CafiKy, SIKa CK/IA[JAETbCA 3 YOTUPbOX OCHOBHUX €/IeMEHTIB:
«S] o610 TIaHe Ty 3eMJIsi», «SI o670 IHoHe3110%, «[paemo i ciBipamoemo» / «Mu Bci 6paTn i cectpu» Ta «Most ysaBa» / «YsBa i
TBOPYICTb». BifllIOBiIHO 10 pe3y/IbTATiB TECTY Ha Ba/liiHiCTh, IPOBEJEHOTO 3a YIaCTIO JBaHA/ILIATY €KCIIEPTiB, HaBYa/lbHa MOJENb
(bi3sM4HOI aKTMBHOCTI Ha OCHOBI Bi/IbHOTO PYXOBOT'O PeXXKUMY B IUTAYOMY CaiKy OTpuMaia V-3HadeHH: KoedinienTa EitkeHa Ha
piBHi 0,82, mo nepesuiye MiHiManbHuii cTangapr y 0,80.

BucHoBku. OTpuMaHi pesyabratyl CBij9arh Ipo Te, [0 3aCTOCYBAHHS HABYAIbHOI MO/l (PisMYHOI aKTMBHOCTI HA OCHOBI
BiIbHOTO PYXOBOTO PEXMMY PO3INIANAETbCA B AKOCTi BifIOBiHOTO MeAroriyHoro MifIXo#y /I HABYaHHA B JUTAYOMY CaJKy.
AHaJti3 MoKasye, 110 3a3HaYeHa MOJie/Ib BifIOBiae moTpebaM po3BUTKY JiTeil i 3abe3medye iHTepaKTMBHIIT 1 TBOPYMIL ITiAXif KO
HaBYaHHA 3TiJHO 3 HaBYa/IbHOIO IporpaMoro «Meppieka» B InfjoHesil.

Knrouosi cnoBa: po3BuToxk, Baniganis, (bisqua AKTUBHICTD, cBOOOMA, IUTAYMIT CafOK.
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Abstract

Background. Acceleration ability and anaerobic power are critical determinants of sprinting performance,

particularly for novice sprinters.

Objectives. The purpose of the study was to examine the effects of a four-week interval training program on
acceleration ability and anaerobic power among novice sprinters.

Materials and methods. A within-subjects quasi-experimental design was used to fulfil the study’s objectives. A total
of fifteen participants (age: 20.5 + 1.4 years) underwent baseline assessments of acceleration ability (50 m dash)

and anaerobic power (Running-Based Anaerobic Sprint Test). The adopted progressive interval training protocol
consisted of four weekly sessions conducted over a four-week period, focusing on striding, high knees, single-leg
hops, curve sprints and double-leg jumps to enhance acceleration ability and anaerobic power.

Results. Following the intervention, significant improvements were observed in acceleration ability over a distance
of 10 m (pre: 2.14 £ 0.16 s, post: 2.02 + 0.14 s, p < 0.05, Cohen’s d = 1.02) and 20 m segments (pre: 3.47 £ 0.23 s,

post: 3.32 £ 0.20 s, p < 0.05, Cohen’s d = 0.78), indicating moderate to large effect sizes. However, no considerable
enhancements were found in anaerobic power parameters (average power, maximum power, minimum power,
fatigue index, relative peak power, and anaerobic capacity) at the post-intervention stage (p > 0.05).

Conclusions. The study highlights the effectiveness of the interval training protocol in enhancing initial acceleration
among novice sprinters, although it suggests a limited impact on anaerobic power within the study period. Further
research should investigate the longer-term effects and tailored training approaches to optimize comprehensive sprint

performance strategies.
Keywords: acceleration, anaerobic power, RAST, athletes.

Introduction

Acceleration ability and anaerobic power are funda-
mental components contributing to the success of sprinters,
particularly novices, in short-distance races (Duffield et al.,
2006). Acceleration, defined as the rapid increase in speed
from a stationary position, and anaerobic power, character-
ized by the ability to exert high-intensity force in a short
duration, is critical determinants of sprinting performance
(Tabata et al., 1996). These attributes heavily rely on the an-
aerobic energy system, which encompasses the phosphagen
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(ATP-PCr) system and anaerobic glycolysis (MacDougall et
al., 1998). To optimize these energy pathways, interval train-
ing has emerged as a potent method (Gibala et al., 2006).
Interval training, marked by alternating periods of intense
activity and rest or low activity, is widely recognized for its
efficacy in improving athletic performance (Helgerud et
al,, 2007). It is particularly advantageous for sprinters as it
targets both anaerobic and aerobic capacities, crucial for
explosive power and sustained high performance (Laursen
& Jenkins, 2002). Despite the well-established benefits of in-
terval training, its specific effects on the acceleration ability
and anaerobic power of novice sprinters over a short dura-
tion, such as four weeks, remain underexplored (Buchheit
& Laursen, 2013). Understanding these effects is imperative
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for coaches and athletes to devise training programs that
maximize performance improvements within a brief time-
frame. Previous research has demonstrated the efficacy of
interval training in enhancing anaerobic power across vari-
ous athlete groups (Tabata et al., 1996). These enhancements
are attributed to physiological adaptations such as increased
muscle glycogen storage, enhanced lactate clearance, and
improved neuromuscular coordination (MacDougall et al.,
1998). Furthermore, interval training induces metabolic
changes in muscle fibers, leading to improved functional-
ity of the ATP-PCr system and enhanced buffering capacity
(Ross & Leveritt, 2001). However, there is a notable research
gap regarding the specific effects of interval training on nov-
ice sprinters’ acceleration ability and anaerobic power within
a short timeframe. Hence, this study aims to address this gap
by investigating the impact of a four-week interval training
program on the acceleration ability and anaerobic power of
novice sprinters. By focusing on a specific training regimen,
this research seeks to ascertain the effectiveness and rapid-
ity of interval training in enhancing key performance met-
rics among beginner athletes. The findings of this study will
not only contribute to the existing knowledge base on the
benefits of interval training but also offer practical insights
for coaches and athletes seeking to optimize sprint perfor-
mance rapidly. By informing training strategies that target
the development of essential performance components in
novice sprinters, this research aims to enhance the efficacy
of athletic training protocols, ultimately leading to improved
athletic performance.

Materials and Methods

Participants

A total of 15 novice sprinters (age: 20.5 £+ 1.4 years,
height: 167.0 = 5.7 cm, body mass: 58.1 + 10.1 kg) were
randomly selected from local athletic clubs in Panskura,
Purba Medinipur. All participants had no prior experience
with structured interval training. Individuals with any pre-
existing medical conditions affecting physical activity were
excluded from the study. Informed consent was obtained
from all participants prior to their involvement in the
study and they were made aware of the study’s purpose,
procedures, potential risks and benefits. Confidentiality of
participant data was maintained throughout the study and
identifying information was removed from all reports and
publications. Any adverse events or injuries arising during
the study were promptly addressed and reported to the
appropriate authorities. The data of four volunteers were
excluded due to inconsistency in training. The study design
obtained approval from the Institutional Ethical Committee
of Panskura Banamali College (Autonomous), West Bengal,
India.

Experimental Design

A within-subjects quasi-experimental design has been
employed, where each participant will serve as their own
control. Participants will undergo baseline assessments

Table 1. Prescribed interval training protocol (4 session/week for 4 weeks) to improve acceleration ability and

anaerobic power

Week  Activity/Exercise D.A DR Rep. Sets (no) R.R Remarks

Stride 20 30 4 2 2 Focus on maintaining form
High Knee 20 30 4 2 2 Emphasize high knee lift

1 Single Leg Hop 20 30 4 2 2 Ensure proper landing technique
Curve Sprint 60 80 4 2 2 Start with moderate pace
Double Leg Jump 20 30 4 2 2 Use explosive power
Stride 25 35 4 2 1.5 Increase intensity
High Knee 25 35 4 2 1.5 Maintain high intensity

2 Single Leg Hop 25 35 4 2 1.5 Focus on height and distance
Curve Sprint 70 9 4 2 1.5 Increase speed gradually
Double Leg Jump 25 35 4 2 1.5 Enhance explosive power
Stride 30 40 5 2 1.5 Increase repetitions
High Knee 30 40 5 2 1.5 Maintain intensity

3 Single Leg Hop 30 40 5 2 1.5 Focus on power and control
Curve Sprint 80 100 4 2 1.5 Aim for higher speed
Double Leg Jump 30 40 5 2 1.5 Maximize jump distance
Stride 35 50 5 2 1 Final intensity push
High Knee 35 50 5 2 1 Maintain high knees throughout

4 Single Leg Hop 35 50 5 2 1 Enhance hop distance
Curve Sprint 90 110 4 2 1 Reach maximum speed
Double Leg Jump 35 50 5 2 1 Maximize explosive power

D.A: Distance of Activity (meter), DR: Distance for Recovery (meter), Rep.: Repetition (numbers), R.R: Rest

between Repetition (minutes)

729



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 5

of acceleration ability and anaerobic power prior to
the intervention. Following the baseline assessments,
participants will engage in a four-week prescribed interval
training program designed to target both acceleration ability
and anaerobic power. Post-intervention assessments will be
conducted immediately after the completion of the four-
week training program to evaluate the effects of that interval
training.

Prescribed Intervention

A warm-up and cool-down session has been incorpo-
rated before and after training to reduce the risk of injuries.
To support the increased physical demands of the training
program, individuals are advised to consume adequate food
and water.

Outcome Measures

Acceleration Ability has been assessed using the 50 m
dash test. All participants sprinted over a 50 m distance, which
was subdivided into four equal segments of 10m each. The
time duration of each splitting segment and the total 50 m
distance covering time were recorded by officials affiliated
with the West Bengal Athletic Association (WBAA) using
a stopwatch. Anaerobic power has been evaluated by the
Running-based Anaerobic Sprint Test (RAST). Participants
performed six maximal 35 m sprints with 10-second intervals
between each sprint. Time to complete each sprint and the
total sprint time were recorded by WBAA affiliated officials
using a stopwatch.

Data Analysis

The study employed descriptive and inferential statistics
for data analysis, including the Anderson-Darling test to
assess the normality of hypotheses. Following the evaluation
of data distribution, parametric analysis was conducted. Both
acceleration ability and anaerobic power were measured
before and after the intervention, with a comparison made
using paired sample t-tests, depending on data distribution.
Effect sizes were computed to gauge the magnitude of
change post-intervention. Data were consistently presented
as mean * standard deviation, with a significance level of
a < 0.05. Analytical procedures and graphical presentations
were conducted using Jamovi (ver. 2.5.3) and Gnumeric
spreadsheet (ver. 1.12.48), freely available statistical software
tools.

Results

The table 2 summarizes the cumulative times novice
sprinters took for a 50-meter dash before and after a non-
invasive intervention aimed at improving acceleration.
The results indicate improvements in all measured segments:
10 m, 20 m, 30 m, 40 m, and 50 m. The average times for each
segment were consistently lower than the pre-intervention
times indicate a positive impact of training. Furthermore,
the standard deviations for most segments either decreased
or remained stable, suggesting that the sprinters’ perfor-
mances became more consistent following the intervention.
The 95 % confidence intervals for each segment’s mean times

Table 2. Descriptive statistics of cumulative time taken
for 50 m dash before and after intervention to measure
acceleration ability non-invasively

Distance Pre-test Post-test

(m) (time in sec)  (time in sec) t P
234+0.17  220+0.14
10m (222-2.45)  (2.10-2.30) 2065 0.052
379+024  3.53+0.25
20m (3.62-3.95)  (3.36-3.70) 239 0027
4934035  4.73+0.40
30m 1285 0213
(470-5.17)  (4.46-5.00)
6.17+0.60  6.08+0.52
40 m 0357  0.725
(5.76-6.57)  (5.73-6.43)
7.69+058  7.40+0.58
50 m 1184 025
(7.30-8.08)  (7.01-7.79)

Data are presented as mean + SD (95 % confidence intervals)

further confirm the statistical significance of these improve-
ments. Overall, the intervention effectively enhanced the
acceleration abilities of the novice sprinters, as evidenced by
the reduced times across all segments of the 50-meter dash.

Figure 1 illustrates the impact of an intervention on
acceleration and speed, comparing pre-test and post-test
values at different intervals (0 m, 10 m, 20 m, 30 m, 40 m,
and 50 m). Before the intervention, acceleration increases
up to 20 m, peaks, and then decreases. Post-intervention,
acceleration follows a similar pattern but with generally
higher values, showing improvements at 10 m, 20 m, and
50 m, despite decreases at 30 m and 40 m. This indicates that
the intervention enhanced sprint performance at certain
distances. Speed analysis reveals a consistent increase post-
intervention: from 1.9 m/s to 2.09 m/s (0-10 m), 4.9 m/s to
5.8 m/s (10-20 m), 7.7 m/s to 8.3 m/s (20-30 m), 5.8 m/s to
6.7 m/s (30-40 m), and 5.1 m/s to 5.9 m/s (40-50 m). These
steady increments in speed suggest that the intervention
was effective in improving performance across all measured
intervals, with the most significant gains observed between
10-20 m and 20-30 m. The overall data indicates a successful
intervention, enhancing speed and acceleration in
a consistent and reliable manner.

Figure 2 provides a comparative analysis of the time
taken to complete each 10-meter segment ofa 50-meter sprint
before and after an intervention. Before the intervention,
the time taken for each segment generally showed more
variability and slightly slower times. After the intervention,
there was a noticeable improvement, with faster times
observed across almost all segments. The initial segments,
particularly the first 20 meters, showed the most significant
reductions in time. From this point of view, the intervention
effectively enhanced sprint performance, especially in the
early phases of the sprint.

Table 3 presents descriptive statistics of various anaerobic
power components before and after an intervention, assessed
using the Running-Based Anaerobic Sprint Test (RAST).
Parameters analyzed include Average Power, Maximum
Power, Minimum Power, Fatigue Index, Relative Peak Power,
and Anaerobic Capacity. Comparison of pre-testand post-test
measurements reveals significant changes in all parameters,
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Fig. 2. Graphical representation of segment wise duration of time taken before and after the intervention

with post-intervention values showing higher average,
maximum, and minimum power, alongside a reduced
Fatigue Index. Moreover, Relative Peak Power and Anaerobic
Capacity exhibit notable increases post-intervention. These
results suggest that the intervention effectively enhanced
anaerobic power components, signifying its efficacy in
improving anaerobic performance. The inclusion of mean

values, standard deviations, and 95% confidence intervals
ensures the robustness and thoroughness of the analysis,
enhancing its suitability for scientific research purposes.
Table 4 presents the effects of prescribed interval
training on acceleration ability and anaerobic power,
assessed through various parameters. For acceleration
ability, significant improvements are observed in the
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Table 3. Descriptive statistics of anaerobic power
components before and after intervention using the
running-based anaerobic sprint test (RAST)

Parameters Pre test Post test
292.65 + 81.3 332.93 + 78.69
Ave. Power (Watt) (238.03 - 347.26)  (280.06 - 385.79)
379.55+98.39  405.89 + 88.75

Max. Power (Watt)

Min. Power (Watt)
Fatigue Index (Watt)
Relative Peak Power (Watt)

Anaerobic Capacity (Watt)

(313.45 - 445.65)

213.15 + 77.94
(160.79 - 265.52)

440+ 1.86
(3.15 - 5.65)
504+ 1.12
(4.29 - 5.79)

1755.86 + 487.76

(346.27 - 465.52)

266.06 + 76.06
(214.96-317.16)

3.86+£1.65
(2.75 - 4.97)

5.82+1.13
(5.06 - 6.58)

1997.55 + 472.25

(1428.18 - 2083.54) (1680.29 - 2314.82)

Data are presented as mean + SD (95% confidence intervals)

10-20 m distance, as indicated by the t statistic of 2.39
and a p-value of 0.03. This interval training resulted in a
mean difference of 0.25 m/s* with a moderate effect size of
1.02. In contrast, other intervals did not show statistically
significant changes. Regarding anaerobic power, there were
no significantimprovements observed in average, maximum,
and minimum power, as well as in fatigue index and
anaerobic capacity. However, a trend towards improvement
is noted in minimum power, with a t statistic of -1.61 and
a p-value of 0.12, suggesting a potential effect. The effect
sizes across anaerobic power parameters range from small
to moderate. These findings suggest that while prescribed
interval training may enhance acceleration ability, its impact
on anaerobic power parameters may be limited, with further
research warranted to elucidate its efficacy comprehensively.
The alpha level of 0.05 was used for significance testing, with
the alternative hypothesis stating that the mean pre-test and
post-test values are not equal.
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Fig. 3. Graphical comparison of Anaerobic Power output
Table 4. Effect prescribed interval training on acceleration ability and anaerobic power
Mean Effect Size
Variabl P. t E diffe
ariables arameters P difference SE difference (Cohen’s d)
0-10 m 2.07 0.05 0.14 0.07 0.88
10-20 m 2.39 0.03 0.25 0.11 1.02
Acceleration ability (m/s?) 20-30 m 1.29 0.21 0.20 0.16 0.55
30-40 m 0.36 0.73 0.09 0.24 0.15
40-50 m 1.18 0.25 0.29 0.25 0.51
Ave. Power -1.18 0.25 -40.28 34.11 -0.50
Max. Power -0.66 0.52 -26.35 39.95 -0.28
. Min. Power -1.61 0.12 -52.91 32.84 -0.69
Anaerobic power (watt) .
Fatigue Index 0.71 0.48 0.54 0.75 0.30
Relative Peak Power -1.63 0.12 -0.78 0.48 -0.70
Anaerobic Capacity -1.18 0.25 -241.69 204.70 -0.50

Note. Level of significance: a < 0.05, H: Wpre test # [ post test
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Figure 3 depicts a graphical comparison of Anaerobic
Power output before and after a four-week prescribed interval
training regimen. The plot provides a visual representation
of the impact of the training program on the rate of change
of power output. The illustration exposes observable trends
of power output before and after the intervention. This
visualization serves to elucidate the effectiveness of the interval
training program in enhancing Anaerobic Power, providing
insights into the trajectory of improvement or any variations
in performance throughout the intervention period.

Discussion

The demographic analysis of novice sprinters in this
study indicates a relatively homogeneous group in terms
of age, with participants being young adults. The height
of the participants shows moderate variability typical for
sprinters, suggesting consistency in factors like stride length
and mechanics. However, body mass exhibits significant
variability, indicating differences in muscle mass and body
composition. Despite this, the mean Body Mass Index (BMI)
suggests that participants generally maintain a slender
physique characteristic of competitive sprinters. The training
program did not lead to significant changes in body mass,
indicating its ineffectiveness in altering body composition.
This highlights the need for further research into more
intensive or varied training protocols, possibly including
dietary modifications, to achieve more substantial outcomes
in body mass management and performance enhancement.
The study’s analysis of the cumulative time for the 50 m dash
pre- and post-intervention provides valuable insights into the
acceleration capabilities of novice sprinters. The intervention
notably improved performance, particularly in the initial
phase of the sprint, as evidenced by reduced times in covering
the first 20 meters. This indicates enhanced speed due to the
prescribed interval training protocol. Sprinting encompasses
distinct phases: acceleration, locomotion, and deceleration.
This finding corroborates earlier research indicating that
early-phase acceleration responds more positively to targeted
training interventions compared to subsequent phases, which
may necessitate different training approaches (Mero et al.,
1992; Weyand et al., 2000). The study observed enhanced
initial acceleration within the first 20 m post-intervention but
did not detect significant improvement in the later segments
of the sprint, suggesting limited enhancement in locomotion
and deceleration phases. Previous studies affirm that high-
intensity interval training (HIIT) effectively enhances rapid
acceleration, muscle power, and strength. HIIT protocols
involving short bursts of maximal effort followed by rest
periods enhance the recruitment and efficiency of fast-twitch
muscle fibers critical for explosive starts (Burgomaster et al.,
2008). Moreover, research demonstrates that such training
improves neuromuscular coordination, thereby enabling more
efficient and powerful movements during initial sprint phases
(MacDougall et al., 1998). Additionally, interval training
correlates with increased anaerobic capacity, enabling athletes
to maintain higher speeds during acceleration (Laursen &
Jenkins, 2002), while short, intense sprints enhance the
neuromuscular system’s capacity for rapid power output,
crucial for acceleration (MacDougall et al., 1998).

The absence of significant improvement beyond 20 me-
ters suggests that while the intervention enhanced quick-start

capabilities, it was less effective in improving sustained speed
or endurance over longer distances. Different sprint phases
impose distinct physiological and biomechanical demands,
emphasizing explosive strength for initial acceleration and
speed endurance for maintaining velocity (Mero et al., 1992;
Mujika et al., 1995). This finding aligns with previous research
indicating that interval training can effectively enhance ini-
tial sprint acceleration (Weyand et al., 2000). However, no
statistically significant improvements were observed in ac-
celeration beyond 20 m. This suggests that while the training
protocol enhanced short-distance sprinting capabilities, it
may not have provided sufficient stimulus for improvements
in longer sprint phases, such as locomotion and deceleration.
From this perspective, a short-term interval training protocol
with a limited variety of activities may not comprehensively
address the requirements of each sprinting phase. Incorpo-
rating diverse training approaches, such as speed endurance
drills and resistance training, could be essential to optimize
performance across all phases (Delecluse, 1997).

Anaerobic power, defined as the ability to exert high-
intensity force in a short duration, is crucial for sprinters. This
type of power relies heavily on the anaerobic energy system,
encompassing both the phosphagen (ATP-PCr) system and
anaerobic glycolysis (Laursen & Jenkins, 2002). Components
of anaerobic power measured using the Running-Based
Anaerobic Sprint Test (RAST) indicate that the prescribed
interval training protocol effectively enhanced various
aspects of anaerobic power, crucial for short-duration, high-
intensity activities like sprinting. Gibala and his associates
(2006) conducted a study involving novice sprinters who
participated in a fourteen days interval training program and
concluded that repeated high-intensity efforts were effective
in increasing anaerobic power, leading to notable gains in
explosive strength and speed by improving the efficiency of
the phosphagen system (Gibala et al., 2006). While trends
towards improvement were noted in some parameters (e.g.,
Minimum Power), particularly with moderate effect sizes,
this suggests that while the intervention showed promise in
enhancing certain aspects of anaerobic power, the effects were
not uniformly significant across all parameters measured. This
variability in response may necessitate further optimization
of training protocols tailored to enhance specific components
of anaerobic power. Similarly, findings by Billat (2001)
demonstrate that interval training significantly enhances
anaerobic performance, making it an effective training
strategy for novice sprinters (Billat, 2001). Conversely,
Gharbi et al. (2015) indicated that a four-week HIIT program
effectively increased peak and mean anaerobic power
output in novice sprinters (Gharbi et al., 2015). The study
underscores the importance of tailored training protocols
that address the physiological demands of different sprint
phases. While interval training proved effective in enhancing
initial acceleration and certain aspects of anaerobic power,
further refinement of training strategies may be necessary
to optimize performance across all phases of sprinting.
The prescribed interval training regimen demonstrated
significant improvements in acceleration ability over short
distances and various components of anaerobic power
among novice sprinters, contributing to our understanding
of targeted training interventions aimed at enhancing specific
aspects of sprint performance. Future research should
explore longer-term effects and the sustainability of these
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improvements, as well as consider individualized approaches
to maximize training adaptations in sprint athletes.
Incorporating additional training modalities, such as speed
endurance drills and resistance training, could potentially
complement interval training and further enhance overall
sprint performance (Naves et al., 2018).

Conclusions

The prescribed interval training protocol in this study
proved effective in improving initial acceleration and
specific components of anaerobic power among novice
sprinters. However, its impact on sustained speed and
endurance beyond initial phases of sprinting was limited.
Future research should focus on investigating the long-
term effects of such training interventions and exploring
individualized approaches tailored to athletes’ specific
needs. Incorporating diverse training modalities, such as
speed endurance drills and resistance training, alongside
refined interval protocols, holds promise in achieving more
comprehensive improvements across all phases of sprinting.
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Abstract

Background. The development path of a football player toward becoming a professional player involves four main

aspects: physical, technical, tactical, and psychological ones.

Objectives. This study aimed to examine the psychological characteristics of the environment that influence and
contribute to the development of football players under 17 years old in Indonesia and Malaysia.

Materials and methods. This study used a qualitative approach, namely evolved grounded theory, and the data
collection process was conducted using three distinct methods: semi-structured interviews, observation, and

document analysis. Twenty-five coaches participated in this study, comprising fifteen coaches from various football
academies in Malaysia and ten coaches from Indonesia. All coaches involved in this study have a license and at least
five years of experience as coaches under 17. The data collected and analyzed began with open coding, axial coding,
and selective coding, and the analysis was assisted by using qualitative research software, namely N-Vivo 14.

Results. The findings revealed that several aspects influenced player development, such as policy support, including

structured and competitive age group competitions, a healthy football ecosystem; other results have been defined

as relationships and cooperation supported by family, friendship between clubs, and teamwork. Finally, the study
underscored the significance of involving coaching factors, including passion, patience, and coach psychological
treatment abilities. These are the psychological characteristics of the environment that can influence the development

of football players.

Conclusions. It is hoped that the results of this study can be used as a reference for coaches, the Indonesian Football
Association, and the Malaysian Football Association to create a policy that can support football players under

17 years from all aspects, including psychology.

Keywords: environmental, psychological characteristic, football player.

Introduction

The aspect of player development is significant in
football because the professional football club is concerned
with the players’ ethos since they are in a competitive league
with an increasingly lucrative market (Bullough & Jordan,
2017). Football is not just a sport; it has a significant role
in people’s recreation, community building, and health,
impacting the economy and social life (Orosz & Mezo,
2015). Therefore, it is widely acknowledged that younger
football players have become more professionally trained
to fill the demand for football (Gledhill et al., 2017). Talent
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development became of great interest to the national support
governing bodies (Lauer et al., 2010). The coach often
challenges players to prepare for the demands of modern
performance situations (Sullivan et al., 2021). As demanded
by the fans and supporters, it became their duty to find and
build good performers. Other than that, emphasizing player
development is significant because it can limit the negative
consequences and harness the player’s positive internal and
external assets (Bean et al., 2018). Player development is
influenced by the environment where the players grow and
thrive, which is directly related to the roles coaches and
other essential figures play (Marholz et al., 2016).
Regarding the demand and importance of player
development, the process of player development in
football is a complex thing to do. According to Sweeney
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et al. (2022), player development is influenced by various
innate, psychological, and behavioral factors. Moreover,
research on player development indicates the critical
role of psychological and primarily social and cultural
circumstances on player development (Larsen et al., 2012).
In this case, many aspects related to the player’s psychology,
one of which was external factors. In this case, Gledhill et al.
(2017) classify the player psychological factor into several
aspects, and one of them is the external psychological
factor, including autonomy, supportive coaching, parenting
styles, coach-player relationships, an effective learning
environment, and a talent development environment. This
external factor was also known as the social support aspect
or environmental psychological characteristic aspect. This
factor is significant in football player development. It could
influence the player’s skill and technique. Ivarsson et al.
(2020) stated that an appropriate environment for players
could sharpen their decision-making and understanding
and build a recognition pattern. Appropriate support will
also provide a suitable environment and conditions where
the player can compete pretty, which will then affect the
player’s psychological and skill development (Gledhill, 2016).
Therefore, it was suggested that the significant variables
of social opportunities be incorporated into the player
training session to generate awareness among the possible
stakeholders that could support the player’s development
(Hagen, 2011).

According to Orosz and Mezo (2015), a player’s talent
and development greatly depend on the psychosocial
condition of the player. Player psychosocial conditions such
asthetraining place, equipment available for training, and the
players’ involvement in their social condition are considered
secondary factors in player development. However, they
are still significant (Baker & Horton, 2004). According to
Crawley and Hills (2023), elite youth football academies
demand a unique psychosocial condition for the player.
The players were posed to cope with specific environmental
psychological characteristics, which the environment
developed and shaped. It is crucial since it will promote
standard but essential features such as communication,
promotion of autonomy, and the holistic development of a
solid and coherent organizational culture (Henriksen et al.,
2010). This is why specific football academies are known to
have a unique characteristic of playing football: they build
a football culture. Other than that, the activities, behaviors,
and support that the player learns and perceives through
their environment could affect their technique and tactics
(O’Connor et al., 2017). Therefore, psychosocial factors or
environmental psychological characteristics are essential for
player development.

The importance of environmental psychological
characteristics should be a cause for concern among
researchers and practitioners. This is because the support
of environmental psychological characteristics will come
from the academies and family, friends, environment, coach,
and other possible aspects. Exploring this theme is essential
since the external psychological support of the athlete often
impacts enjoyment, engagement, performance, and well-
being. It is also stated to contribute to adverse outcomes
such as overtraining and burnout, damaged self-esteem,
and affective disorders such as anxiety and depression
(Richardson et al., 2022). In this case, Gledhill et al. (2017)

stated that researchers and practitioners may find it easier
to update and improve player development strategies with
a deeper grasp of psychosocial aspects and how they affect
them. However, research on this theme is scarce in Indonesia
and Malaysia. Research related to the environmental
psychological characteristics in Indonesia only related to
the relationship between physical fitness, the psychosocial
aspect, and the spiritual aspect among students in school
(Nopembri & Sugiyama, 2022). Research on this theme in
Malaysia is only related to challenges and psychological
skill training (Khan et al., 2023), the psychological distress
of esports players (Lee & Tam, 2024), and the influence or
correlation of mobile phone use on students psychological
aspects (Zulkefly & Baharudin, 2009). No research explicitly
explores what kind and how the psychosocial aspect
could influence player development among footballers in
Indonesia. Therefore, based on the coach’s perspective, the
current research aims to explore the psychosocial aspect that
influences football player development in Indonesia.

Material and Methods

Participants

The current research investigates the environmental and
psychological characteristics influencing football players’
development. A case study was employed to conduct a
qualitative inquiry. Since the purpose of the research
was to ascertain the participants’ opinions regarding
the fundamental components of grassroots football,
purposeful sampling was considered while accounting for
the participants’ knowledge, experience, and competence.
Two prerequisites for participation in the current study
include a coaching license and at least five years of coaching
experience. Twenty-five coaches participated in the
study: fifteen from Malaysia and ten from Indonesia. The
participant’s data is included in Table 1 and Table 2.

Table 1. Malaysian Participant Information

Level of Coaching
No Age . Education experience  Status
Licence (year)
M1 41 D & Master 16 Active
Grassroot
JM2 43 B Master 17 Active
M3 42 B Bachelor 18 Active
JM4 48 C Bachelor 20 Retiring
JM5 39 A Master 16 Active
JM6 46 C Master 10 Active
JM7 59 A Master 30 Active
JM8 65 A Master 40 Active
JM9 68 C Master 36 Retiring
JM10 54 B Master 22 Active
JM11 30 C Senior High 7 Active
School
JM13 54 B Master 28 Active
IM14 42 C Bachelor 10 Active
JM15 35 A Master 12 Active
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Table 2. Indonesian participants

Coaching
No Age Licence Education experience  Status
(year)
181 30 C Bachelor 10 Active
J12 38 C Bachelor 12 Active
JI3 31 C Bachelor 6 Active
J14 43 B Bachelor 17 Active
JI5 53 B Bachelor 16 Active
J16 49 B Bachelor 15 Active
J17 42 A Master 10 Active
J18 45 B Master 18 Active
119 36 A PhD 13 Active
Senior High .
o0 42 A Schoolg 6 Active
Instruments

This study included a semi-structured interview to grasp
the participants’ perspectives thoroughly. In this case, the
researcher developed and validated the interview procedures
and questions. The instrument validation considers both
face and content validity through the use of Cohen kappa
analysis. Ten specialists assessed the tool employed in this
research. There were four experts in qualitative research, four
in football, and two in psychology. The Cohen kappa analysis
on the expert rating was then used to assess the instrument’s
appropriateness with the theme under investigation in this
study. The established criterion for evaluating the Cohen
kappa was the Landis and Koch (1977) technique (<0.00
= extremely weak, 0.00-0.20 = weak, 0.21-0.40 = relatively
weak, 0.41-0.60 = suitable, 0.61-0.80 = good, and 0.81-1.00
= very good). Table 3 displays the validation result.

Ethical Consideration

In order to be in charge of research ethics, the Sultan
Idris University of Education’s Research Ethics Committee
approved this study (UPSI). The research ethics committee
suggested and implemented several adjustments. The
researcher then made any required adjustments to secure
ethical approval. After several adjustments and revisions, the
ethical approval was approved on May 15, 2023.

Analysis

The main method of data collection for this qualitative
study was interviews. The data collected for this study
was examined using the qualitative analysis application
N-Vivo 14. According to Williamson and Long (2005),

Table 3. Cohen Kappa Result

when evaluating data in qualitative research, specific
procedures, including selecting, abstracting, and modifying
the raw data—that is, its initial coding and theme search—
should be adhered to. N-Vivo software helped with every
procedure in our investigation. The investigator first loads
all raw interview transcripts into the N-Vivo program. The
second researcher selected the data. Due to the interview’s
semi-structured format, several chats and exchanges
veered off-topic. Consequently, the investigator deliberately
selected a subject or conversation to tackle the fundamental
components of the athlete’s psychological component. Third,
researchers abstract and translate the basic data into specific
code using various N-Vivo software tools. Determining the
most frequently discussed topics or phrases is helpful.

Results

Researchers spent at least ten months completing
this research process, which began with the process of
preparing questions for interviews, the interview process,
data transcription to data analysis, which was carried out
repeatedly to find themes that would explain the appropriate
form of parental support for children as football players at
this level of grassroots football. The researcher first explains
the data collection process in this research, which has
provided information regarding the research results.

Interview

The current research explores environmental psycho-
logical characteristics that might influence football player
development. The coach’s perspective, in this case, was ex-
plored to reveal the environmental and psychological char-
acteristics needed for player development. N-Vivo, a pro-
gram for qualitative data analysis, was used to examine the
information gathered from the coaches. The document was
configured prior to the N-Vivo analysis. In order to allow
the N-Vivo to concentrate on examining the interviewee’s
viewpoint and opinion, the interviewer’s question was re-
moved from the document. As a result, N-Vivo identified
three main factors affecting the athlete’s development based
on the coach’s perspective: policy, family, and coach support.

The Policy Support

Policy support refers to how the program or academy
creates holistic support for athlete development in terms of
the player’s physical, mental, and technical development.
Player development is not only solely concerned with the
athlete but also with the supportive ecosystem. It could
provide a development pattern for the athlete with a specific
and clear curriculum and psychological support. As one of
the coaches stated.

Expert A Expert B Expert C Expert D Expert E Kappa Coefficient Min
25-12.5 24-12.5 23-12.5 22-12.5 25-12.5 K+ K+ K+ K +Ks
|= e )= —mmmmme Ky=---------- K= ---------- Ks= ---------- K=o
25-12.5 25-12.5 25-12.5 25-12.5 25-12.5 5
1.000 0.920 0.840 0.760 1.000 0.904
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“You need to create a pattern that could derive these players in

the positive direction of their development. It is because they

still need psychological support in order to be mature players.

It has already been done by great clubs and academies in Eu-

rope; their academy and ecosystem were initiated to force the

player in a positive pattern” (JI7).

In this case, the football academy has a vital role in
supporting player development in terms of psychological
development, even through the primary and regular program
in the academy. For example:

“Our academy has a bus to transport the players and staff.

Through this, we think we can give them an example of how

teamwork and responsibility work. We obligate them to come

on time before departure, and we cannot go without all the
players there” (JM7).

That is an example of how the academy could initiate
a positive psychological example that supports player
development inside and outside the field. Other than that,
the coach and staff also can initiate the regulation or rule for
the player.

“We need the player to have good manners in their social in-

teractions. For example, focusing on the phone is bad man-

ners when sitting down with others. So we taught them that
no phone was allowed when the dinner was at the dining table”

(JM9).

This is a simple but very important step for the player.
In addition, the player needs to be taught how to behave and
use positive psychology during the game.

“In the exercise, I like the player to play football directly. It is

to train them about the competition, where during the game

they should have a fighting spirit and motivation to win even
in the training section” (JM8).

“Competitive feeling is important; it is a criterion for a profes-

sional player. Not competitive on the money, but competitive

on enhancing their performance in the field, and competitive
on achievement” (JM3).

With sufficient support from the academy, the player’s
competitiveness can be developed during training. In this
case, the academy can initiate positive competition regulation
among the players, which is very important to developing
not only player skills but also discipline, punctuality, and
responsibility for their duties.

“In the training section, we value the player’s achievement,
whether they attain the given objective. We also value the play-
er’s competitiveness individually, not in a group. This is very
important, where we as coaches and staff can understand the
player’s difficulties and problems so we can adjust the training
and help the player” (JI9).

That is how the academy initiates a favorable ecosystem
for the player, which is crucial for player development.

“What was exactly needed by the player’s psychological devel-

opment was having a positive place and ecosystem to compete

and train” (J17).

In addition to the academy’s internal support, collabora-
tion and support from alumni and seniors are also important
for the player. They could give the player a positive example,
which could trigger their motivation.

“Player maturity in football results from research, learning, ex-

ercise, and the positive psychological ecosystem experienced

by the player. The seniors give me such a positive vibe and
example, so I learn from them” (JM4).

“When the player looked at their senior, who got a salary of

around RM40.000 to RM80.000, the senior told the player that

in the past, they were the same as the player with a similar

program, a similar field, similar coaches, and a similar dormi-

tory” (JM15).

This program also generates positive psychology in the
player, where the senior gives motivation and examples on
how to behave and train.

The relational cooperativeness

To be a good player, support and cooperation are
essential for their development. The current research found
that support from the athlete’s environment and family
can help the player’s development. It is essential to give
psychological support, such as motivation and the belief
needed to face the challenges.

“I observe that the players who received support from their

parents have better career and development compared to the

players who do not. I 100% believe the player needs support
from their family and parents. Without support, how could
they face the challenges during their development?” (JM11).

Support is not a big deal; it is a simple way for the family
to help athletes in their environment.

“Many players here got support from their families; the family

is watching the game, bringing snacks and water, and giving a

simple reward to the athletes if they win” (JM4).

Family support can make sure the player is on the
training schedule.

“The support and assistance from the family is significant.

For example, Ayman Ari and Zikri are both from Kuantan

and trained in Balung. Their mothers always accompany their

children to the training center every Monday, Wednesday, and

Saturday” (JM5).

Family support is important not only for driving by
and giving something to the player but also for providing
psychological support.

“In my opinion, the family is much affecting the player’s de-

velopment; the parents should provide essential education,

understanding, and motivation to the player. The parents have

a greater chance to control the player regarding eating, resting,

playing, and training. The parents should motivate and remind

the player regarding their schedule, etc” (JI3).

Supporting is not only related to giving psychological
motivation but also creates a competitive environment for
the athlete.

“The environment, such as family and close friends, should

support the player. A supportive environment is needed in

order to create a competitive situation for the athletes” (JM2).

The coach support

There is no doubt that the coach’s support is essential.
They are the ones who have responsibility for the player’s
development. Therefore, the coach hopes to understand
how to maintain the player’s motivation, spirit, and
encouragement.

“The important aspect was the psychology, which can encour-

age the players. We, as coaches, should emphasize having spirit

and resistance. If the player loses, we should motivate them
and try to enhance their mood. So, currently, the coach has an
important role in keeping the player on track. One example
was to insist on the perspective that even though they were
lost, at least they created a chance and a goal, which was still
great. I think that is important since we should give the player
a reward (even small)” (JM1).
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The coach should insist on positive motivation for the
athletes and not disappoint them.

“The coach should enhance the positive psychological aspect
of every training. We should create their self-efficacy and self-
belief every time. Whatever their progress, we should appreci-
ate them. Do not always blame them; give them bad credit and
too much push for them. As the coach, we should focus on the
player’s positive psychology and motivation” (JM14).

It is true that the coach is not only responsible for the
player’s physical and technical skills but also their mentality.

“I believe that the coach not only rules the player technique

but also the player mentality. That is their responsibility. It is

because they are the ones who interact with the player person-
ally” (JI2).

Therefore, supporting the player’s mentality and
psychology is one of the coach’s jobs.

“The coach has responsibility for the player’s mentality. The
player cannot be left alone; they need friends they can share
with, understand their problems, and consult with. They need
someone who can remind them and solve the problem. If they
decide and do something wrong, it is the coach’s responsibility
to remind the player” (JI8).

In this case, the coach should know how to interact
positively with the players and help them create a good
environment.

“The coach should have knowledge of training, such as how to

communicate with the player and understand the gap between

the coach and the player. The coach knows when to be serious,
fun, and enjoy. This is what is very needed” (JM13).

It is important since good communication and
interaction between the coach and player can build trust so
the player can obey the role, love the training, and love to
play football.

“We build trust and confidence between the player and coach.

As coaches, we should trust the players so they will trust us.

Then, the player will obey the rule and any training material

provided” (JM10).

“First, I inform the player that the club trusts you, so give your

best. Coach, give instructions, and you are the king in the

field” (JM4).

Many ways to keep students motivated. There are
numerous options available to the coach.

“One day, I plan for the player to meet with VI (one of the best
and most famous footballers). I told the players that if they
want to meet with VI, they should train sufficiently, hardly
because he is the best player. I told them that I was on one team
with VI. He was very disciplined, sincere, and patient in his
training. That is what made him a champion” (JM6).

Discussion

The current research explores the environmental psy-
chological characteristic that impacts the player’s develop-
ment. The coach’s perspective was considered the primary
data resource in this case. Ten coaches were interviewed, and
the data were analyzed through qualitative analysis software,
namely N-Vivo. Based on the result, three essential supports
are needed for player development. The first is policy support,
the second is family support, and the third is coach support.

Regarding policy support, the current research found
that through the rules and regulations of the academies, pat-
terns of the student’s behavior and activities can be formed,
such as their manner, behavior, mentality, as well as their de-

cision-making, competitiveness, and discipline. Policy sup-
port, also known as organizational support, values the play-
er’s contribution and achievement and is concerned with the
player’s self-esteem (McLeod et al., 2022). It is essential since
it relates to the landscape of how the club or the academies
will operate (Bullough & Coleman, 2019). For example, the
activities, program, training procedure, and schedule. In this
case, Morley et al. (2014) stated that player development in
football is inferred from the fact that the player is provided
with an appropriate learning environment to translate their
potential into excellence. An appropriate environment will
allow the nurturing of talent, which can help the player prog-
ress and play as a professional. Therefore, the academy or
club rule is significant for player development.

The second factor was relation and cooperativeness. The
current research found that the family has a role in player de-
velopment in terms of psychological and financial support as
well as educating and motivating the player. In this case, other
research also emphasized the significant impact of family sup-
port on player development. Hellstedt (2005) stated that the
family is essential for the player; it is where the player devel-
ops their skills and coping mechanisms in facing challenges,
competition, and training. This is because the family can have
three roles in player development: provider, interpreter, and
role model (Weiss, 2004). In terms of the provider, the par-
ents should give the player a chance to explore and experi-
ence the sport and invest their money and time (Lauer et al.,
2010D). Lauer et al. (2010a) stated that the parents or family
have an integral role in player development, where the par-
ents shape the pursuits that kids make early in life and offer
the chances and materials required to support their growth.
With the backing of strong parents early on in their involve-
ment in sports, players are likely to reach their full potential
(Wolfenden & Holt, 2005). Therefore, parents can boost the
chances for children to have a positive psychological experi-
ence, develop a range of positive developmental outcomes,
and achieve their sporting potential (Dohme et al., 2020).

The third factor was the coach’s support. The current re-
search found that despite the role of sport in the player’s phys-
ical development, the coach also has essential rules for player
psychological development in terms of spirit and resistance,
self-efficacy, self-belief, mentality, confidence, and trust.
Studies highlight coaches’ crucial role in implementing de-
velopmentally appropriate programs that center around en-
hancing personal resources and strengths (Vella et al., 2011).
Research supporting this interpretation of the function of
coaches has demonstrated that training and assistance for
youth sports coaches can increase the chance of positive kid
development (Smoll et al., 1993). By seizing naturally occur-
ring instructive opportunities, coaches can promote positive
developmental outcomes from both team success and team
failure. This is because they can foster healthy, developmen-
tally appropriate coach-athlete relationships and provide in-
tellectual stimulation, individual attention, and positive role
modeling (Vella et al., 2013). Besides that, the coach is the
leading actor in player development (Ford et al., 2010). They
are the ones who directly interact with and train the player.

Conclusions

This research explores the environmental and psycho-
logical characteristics that affect player development in In-
donesia. Qualitative methods, namely interviews, were used
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to collect the data. Fifteen coaches from various football
academies in Malaysia and ten coaches from Indonesia were
interviewed. They were asked about the environmental psy-
chological characteristics that could influence the player’s
development. The data collected was analyzed with qualita-
tive research software, namely N-Vivo 14. The results re-
vealed several aspects that influence player development,
namely the policy factor, the family factor, and the coach
factor. These environmental and psychological characteris-
tics could influence football players’ development.
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McnxonoriyHa xapaKkTepucTKa oTouyH4Ooro cepefoBuila AK YUHHNKA
CNpPUAHHA po3BUTKY PyTb6onicTiB B IHAOHe3Ii Ta Manansii

Amin Ak6ap'*B<PE, 3ymak6an A6x Kapim'*®P, [xkaddpi 3akapis'ABCP

'"VuiBepcutet ocBitu imeni Cynrana Igpica

ABTOpPCHKMIT BKTAJ: A — Am3aits gocnipkenHs; B — 36ip ganux; C — crarananis; D — migroroska pykormucy; E — 36ip komTis

Pedepar. Crarts: 8 c., 3 Tabn., 34 mxepena.

Icropisa muranHa. Ha nurixy cranosneHHs Qyrbosicta sIK mpodeciiiHOro rpaBlisi MOXKHA BUOKPEMUTU YOTUPU OCHOBHI
acriekTt: Gi3MIHMIT, TEXHIYHUI, TAKTUYHMUI i ICUXOTOTITHMIL.

Merta gocifKeHHA. MeToI0 [[bOr0 HOCIIKeHHs 0Y/I0 BUBYMTY IICUXOJIOIYH] XapaKTePUCTUKI OTOYYIOUOTO CepefjOBMILaA,
AKi BUSHAYAIOTDb Ta CIIPUAIOTD IIPOLIECY PO3BUTKY PyTOOIicTiB BikoM 0 17 pokiB B IHnfoHesii Ta Manaiisii.

Marepianu ta Mmerogu. Y fasiit po6oti 6y)10 3aCTOCOBAHO AKICHUI JOCTiIFHMIIbKNII MifXifl, 30KpeMa pO3BMHEHA 06rpyH-
TOBaHa TeOpis, Ipoliec 300py AaHMX IPOBELEHO i3 BMKOPUCTAHHAM TPbOX OKPEMNX METOHIB: HaIliBCTPYKTypOBaHi iHTepB10,
CIIOCTePE)XXeHHsI Ta aHaJI3 JOKYMEHTIB. Y JOCTIIKeHH] B3sUIM y4acTh ABAALTD ITSTh TPEHEPIB, 3 SIKUX ITATHALLSTD TPEHepiB
npencTas/sM pisHi Gyroonbai akazsemii Manaiisii Ta fecatb TpeHepis 3 [HgoHesil. Yci TpeHepy, 3amydeHi 10 LbOT0 JOCTIPKEHHS,
MaJIu JTiLeHsi0 Ta LIOHAIMeHIIIe IT'SITh POKIB JOCBify po60TH TpeHepoM y BiKOBilI Ipymi o 17 pokiB. 36ip Ta aHai3 JaHUX pO3-
[I0YaBCsI 3 BIIKPUTOTrO KOAYBAHHS, OCbOBOrO KOAYBAHHS Ta BUOIPKOBOrO KO/YBAHHs, @ B IPOL[eCi aHAJII3y BUKOPUCTOBYBAIOCS
nporpaMHe 3abe3neyeHHs s SIKICHUX JOCIKeHb, a came N-Vivo 14.

Pesynbraru. PesynbraTy fociifiKeHHA II0Ka3any, o Ha CTAHOBJ/IEHH: PO3BUTKY I'PaBIiB BIVIMBAKOTDb TaKi aCIIeKTH: IO THKA
HiTPUMKUY, IO BK/TIOYa€ CTPYKTYPOBaHi Ta KOHKYPEHTOCIIPOMOXKHI 3MaraHHs y BiKOBUX IPYIIaX, CIpUATINBA GyTOONIbHA €KO-
cucreMa; iHII pe3ynbTaTy Oy/M BUsHAYeH] sIK BITHOCHHMY Ta CIIBITpalls, IO HiATPUMYIOTHCS CiM €10, IPYXKHI B3AEMO3B A3KM MIXK
Kkaybamu Ta po6oTa B KomaHi. HaocTaHOK mifKpecieHa BaX/IUBICTh BpaXyBaHH: TPEHePCbKIX YMHHIKIB, 30KpeMa 3aX0IUIEHOC-
Ti 1O CBOEI CIIpaBy, TEPIIiHHA Ta BMiHHA TpeHepa HaJlaBaTy IICUXO/IOTiuHy fiormoMory. CaMe Taki IICMXONOTiUHi XapaKTepUCTUKK
OTOYYIOUOTO CepefOBMILIA MOXKYTh BIUIMBATHU Ha PiBeHb PO3BUTKY GyTOOMICTIB.

BucnoBku. O4iKyeThbCs, 1110 pe3yIbTaTy LbOTO JOCII/PKEHHA MOXKYTh CIIyTYBaT! OPiEHTMPOM i/l TpeHepiB, InfjoHesificbkoi
¢dyT60mbHOI aconianii Ta Maaiisiiicbkoi ¢y T60ombHOI acouianii y crBopeHHi momituky miarpuMku GyToomictis Bikom 5o 17 pokiB
Ha piBHi BCiX acIIeKTiB, BK/II0Ya0ul ICUXOJIOTIIO.

Kiro4uoBi c1oBa: 0TO4y04NIT, ICHXOJIOTiYHA XaPAKTePUCTIKA, PyTOOIICT.
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Abstract

Objectives. The study aimed to compare the incidence of muscle injuries in the qualifying rounds, semifinals and

finals in athletics.

Materials and methods. A total of 14 male and 12 female athletes who participated in all rounds (preliminaries,
semifinals, and finals) of the 100 m, 200 m, and 400 m matches were analyzed over a 4-year period starting in
2021-2024. The female athletes were aged 22.4 + 3.81 years, with a mean height of 167 + 8.6 cm, and weight -

64.6 = 17.5 kg. The male athletes were aged 23.4 + 3.82, having an average height of 169 + 8.3 cm, and weight —

66.4 + 15.8 kg. A t-test was used to conduct comparative assessment of performance between finals, semifinals, and
preliminaries for each gender and event. A 95% confidence interval was calculated separately for each gender, event,
and round. Additionally, incidence rates were compared. The significance level was accepted at p < 0.05.

Results. HMI (hamstring muscle injuries) incidence rate for female qualifiers was found to be 1.50 (1.05-1.95),
semifinals - 1.33 (0.79-1.88), and the final - 1.91 (1.44-2.38). LLMI (lower limb muscle injuries) incidence rate among
female qualifiers was 1.50 (0.58-2.42), semifinals — 1.00 (1.00-1.00), and the final - 1.55 (1.36-1.74). HMI incidence rate
in male qualifiers was 0.50 (0.08-1.28), semifinals - 0.67 (0.77-2.10), and 1.00 (0.34-1.66) in the final. LLMI incidence
rate for male qualifiers was 0.40 (0.28-1.08), semifinals — 0.24 (0.55-1.05), and the final revealed 0.60 (0.08-1.28).
Conclusions. The highest incidence of muscle injury in all forms among men was observed in the all-round category.
In women, hamstring muscle injuries occurred in the final, while lower limb muscle injuries were most prevalent in

the preliminaries and semifinals.
Keywords: athletic, track and field, injuries, competition.

Introduction

Most injuries in athletic championships are to the thigh
(26.2%), lower leg (17.3%), or knee (10.7 %), with hamstring
tear being the most reported injury (14.9 %) (Boltz et al., 2021).
Hip and thigh injuries were the most commonly injured body
regions in NCAA track and field championships, with differ-
ent injury types depending on the event (Hopkins et al., 2022).
Track and field athletes commonly experience knee (28 %) and
shoulder (14 %) injuries, with time loss in sporting activity be-
inglongest in the knee region (26 weeks) (Lambert et al., 2022).

Sports injuries can lead to abnormal physiological or
psychological stress responses, which may challenge athletes'
ability to continue their sports careers at a competitive level
(Yang et al., 2022). Acute traumatic sports injuries can harm
an athlete’s performance based on their perception of the
severity of the injury, but this decline in performance and
decrease in confidence does not correlate to their desire to
leave their sport or their athletic identity (Laurel et al., 2023).

© Rumini, Adi, S., & Kusuma, D. W. Y., 2024.
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Injuries in high-performance athletes can lead to forced sus-
pension of training or competition, preventing performance
improvement and decreasing career quality (Sun, 2023).

Based on previous research, (Pembayun et al., 2023)
data did not have a normal distribution and no significant
differences in injury management perception based on
factors. Lack of skilled techniques leads to 89 % of injuries
and iImportance of mastering technical movements in
track and field (Hu, 2021). No standard criteria for medical
facilities for elite athletes and lack of exact procedure for
treating elite athlete health problems (Rahayuni, 2020).

This study focuses on a specific athletics competition,
the Central Java Open, which may not have been studied
before in the context of muscle injuries. This study compares
muscle injury rates between three crucial competition stag-
es, namely the qualifying, semi-finals and finals, which could
provide new insights into injury patterns in athletic compe-
tition. By understanding the risk factors that arise in differ-
ent competition contexts, coaches and athletes can design
more effective training and recovery strategies to achieve
optimal performance. In addition, the results of this study
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can contribute to the development of better sports policies
related to athlete safety, as well as enrich the scientific litera-
ture on sports injuries and their influencing factors.

Materials and Methods

We conducted a thorough analysis of athletes who
participated in running competitions. We did not include:
1) single-round disciplines and events (such as sprint and
marathon), since it was not feasible to compare the results of
the finals with those of earlier rounds; and 2) relay, 400-meter
races, throwing, and jumping. There was no parental or
public participation in this study. All injury reports were
gathered manually and through Google Forms.

The same study design, injury definition, and data
collection methods - all of which have been thoroughly
detailed previously — were used to collect all of the data
prospectively. According to de Sire (2022) injuries were
classified as musculoskeletal symptoms that cropped up
during training or competition and required medical
attention. If an injury satisfied any of the following
requirements, it was included in the analysis:

1. Took place in the sprints of 100, 200, and 400 meters.

2. Happened either during the competition or the

warm-up (training injuries were not included).

3. Affected the lower leg, ankle, foot, knee, hip, groin,

or thigh.

4. Were categorized as “muscle cramp/spasm” or

“muscle strain/tear”.

We counted how many athletes began each round. The
athletes’ performances resulted in medals obtained from
the championship ranking results, and the events were
semifinals and finals. Using a t-test, we compared results for
each gender and event between the finals, semifinals, and
preliminary rounds. For every gender, event, and round,
we computed the degrees with a 95% confidence interval
independently. Incidence rates were compared. At p < 0.05,
significance was deemed to exist.

Result

A total of 14 male and 12 female athletes who partici-
pated in all rounds (preliminaries, semifinals, and finals) of
the 100 m, 200 m, and 400 m matches were analyzed over
4 years starting in 2021-2024 (Table 1-4).

Table 1. Research Profile Characteristics

Table 3. Comparison of Injury Incidence Rates

Mean

Variables Sig. (I —

Relative risk of HMI occurrence
Female Athlete

Qualifiers vs Semifinal 0.994 0.167 (0.77-1.10)
Qualifiers vs Final 0.647 0.409 (-1.22-0.40)
Semifinal vs Final 0.378 0.576 (-1.46-0.31)
Male Athlete

Qualifiers vs Semifinal 1.000 0.067 (-1.35-1.22)
Qualifiers vs Final 0.846 -0.400 (-1.45-0.67)
Semifinal vs Final 0.958  -333(-1.58-0.91)
Relative risk of LLMI occurrence

Female Athlete

Qualifiers vs Semifinal 1.000 0.000 (-1.06-1.06)
Qualifiers vs Final 0.862 0.500 (0.83-1.83)
Semifinal vs Final 0.791 0.500 (0.65-1.67)
Male Athlete

Qualifiers vs Semifinal 0.986 -0.267 (-1.55-1.02)
Qualifiers vsFinal 0.513 -0.600 (-1.67-0.47)
Semifinal vs Final 0.344 -0.350 (-1.53-0.83)

Table 4. Similarity of Injury Averages

Category Sig. Conclusion

Female 0.119  Does not have a significant difference
Male 0.384 Does not have a significant difference
Discussion

This research contributes to the literature on injury man-
agement in competitive sports, particularly in competition.
It can provide practical guidance for coaches, managers, and
athletes to improve athlete health and performance. The rate
of muscle injury between the semi-finals and finals in track
and field may differ due to various factors such as the inten-
sity of competition, athlete fatigue, and the specific demands
of each event. Research has shown that muscle injuries are
common in track and field competitions, with a significant
proportion affecting the thigh and lower leg (Bernuzzi et al.,
2014; Edouard et al., 2016; Palmer et al., 2022). Additionally,

Category Age Height Weight 1*Place 2" Place 3" Place Homogenity
Female Athletes 22.4 +3.81 167 £ 8.6 64.6 +£17.5 2 6 2 0.109 > 0.05
Male Athletes 23.4 £3.82 169 + 8.3 66.4 +£15.8 5 3 6 0.925 > 0.05
Table 2. Total injury incidence rate

. Number of HMI incidence rate LLMI incidence rate
VESELIED injuries HMI (95% CI) LLMI (95% CI)

Female
Qualifiers 18 12 (0.535) 1.50 (1.05-1.95) 6 (0.577) 1.50 (0.58-2.42)
Semifinals 20 8(0.516) 1.33(0.79-1.88) 12 (0.535) 1.00 (1.00-1.00)
Final 24 21 (0.701) 1.91 (1.44-2.38) 3(0.000) 1.55 (1.36-1.74)
Male
Qualifiers 5 3(0.548) 0.50 (0.08-1.28) 2 (0.548) 0.40 (0.28-1.08)
Semifinals 3 2(0.577) 0.67 (0.77-2.10) 1 (0.500) 0.24 (0.55-1.05)
Final 9 6(0.632) 1.00 (0.34-1.66) 3(0.567) 0.60 (0.08-1.28)
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injury patterns vary between different athletic disciplines,
with sprints, hurdles, jumps, and combined events being
particularly prone to thigh muscle injuries (Edouard et al.,
2016, 2020; Pinheiro et al., 2022). Moreover, male athletes
have been found to have a higher risk of muscle injuries
compared to female athletes, especially in explosive power
events (Edouard et al., 2016). These findings suggest that
the transition from semi-finals to finals, characterized by
increased pressure and exertion, may contribute to a higher
rate of muscle injuries in track and field athletes.

Higher physical intensity during finals matches may
contribute to higher injury rates, as starters need to be
physically prepared for greater match demands (Palmeretal.,
2022). Higher physical intensity is associated with increased
lower-body neuromuscular fatigue, which canlead to injuries
(Meng & Qiao, 2023; Piedra et al., 2021). Psychosocial
factors like perceived availability of informational support
and time out of sport are associated with lower re-injury risk
in competitive athletes (Gledhill & Craig, 2021). Stress and
anxiety are significant factors influencing the risk of injuries,
injury frequency, and injury severity in athletes (Chyi et al.,
2023).

Women are more prone to injuries than men due to
biological, anatomical and mechanical differences as well
as social and economic factors that affect the level of risk
(Kutaish et al., 2022). Female athletes have higher rates of
severe injuries especially in lower extremities such as ankle
and knee with gender-related anatomic/biomechanical
disparities in the anterior cruciate ligament being a major
contributor to this trend (Bradsell & Frank, 2022). Research
about female service members indicates higher reported
injury rates for women than men due to possible differences
in fitness levels and injury reporting behavior among basic
trainees (Schram et al., 2022).

Hamstring muscle injuries (HMI) occur more
frequently than lower leg muscle injuries due to various
factors highlighted in the research. Studies have shown
that HMI are prevalent in sports like football and athletics,
with risk factors including high-speed running exposure,
previous injury history, and inadequate rehabilitation (Chu
& Rho, 2016; Haddad et al., 2023; Moreno-Perez et al., 2024).
The morphological and biomechanical characteristics of the
hamstrings, such as heterogeneous loads under tension,
gradient compliance between tissues, and multi-functional
movement risks, contribute to the susceptibility of these
muscles to injury, particularly near tendon-bone junction
sites (Shi et al., 2022). Additionally, inadequate decision-
making, nonadherence to rehabilitation practices, and
insufficient evidence-based management strategies may
also play a role in the increased incidence and recurrence
of HMI in athletes, emphasizing the need for better injury
prevention and rehabilitation protocols in sports medicine.

Injury management at the semifinal and final stages
is crucial, as only two-thirds of athletes return to play at
the same level as pre-injury (Carmont et al., 2020). In-
competition injury during a combined events competition
was associated with lower odds of winning a medal,
suggesting injury prevention could contribute to improved
performance success (Edouard et al., 2021).

To reduce the risk of injury in the semifinals and
finals, several strategies can be implemented based on
the findings from the research papers. Strength training

has been recognized as an effective method to minimize
the risk of sports injuries (Gonzalo-Skok, 2022). It is also
crucial to consider the scheduling of matches to prevent
players from experiencing fatigue and potential injuries
due to prolonged play durations (Tristan et al., 2006).
Furthermore, implementing proper warm-up routines and
injury prevention programs, especially those tested for
effectiveness, can significantly reduce the risk of injuries
during crucial matches (Macznik et al., 2021). By combining
these approaches, athletes can enhance their physical
resilience and decrease the likelihood of injuries during the
intense competition of semifinals and finals.

The findings from this study may only apply to the
Central Java Open or similar athletic competitions in the
same geographic area or context. Generalization of these
results to other competitions or in other venues may require
additional research. Competitions such as the Central Java
Open may have certain environmental or organizational
factors (e.g., weather conditions, facilities, or race regulations)
that may affect muscle injury rates. This study may not be
able to consider all these contextual factors in detail.

Conclusion

The highest rate of muscle injury in men in all forms
of injury was in the allround. In women, hamstring
injuries occurred in the final, and lower limb injuries in the
preliminaries and semifinals. The most common injury is a
hamstring muscle injury. However, the difference in injury
incidence rates between the rounds was insignificant. This
study highlights several factors that may contribute to the
high injury rate in the final stage, such as the higher intensity
of competition, physical fatigue that begins to accumulate,
or psychological factors that affect athlete performance.
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3a ¢iHiwHo mexelo: M'A30Bi TpaBMU Yy 3MaraHHAX 3 NIerkoil aTneTukun
Pymini'A®<PE, C. Ani'A“PE, [Tonni Bipa IOpa Kycyma'®?
'CeMapaHICbKUII IepKaBHMIT YHIBEpCUTET

ABTOpPCHKMIT BKIAJ;: A — Au3aitH gocmipkeHHs;; B — 36ip ganux; C - crataHanis; D — migroroska pyxonucy; E - 36ip KOIITIB

Pedepar. Crarrs: 5 ., 4 Tab11., 32 mKepena.

Merta gocnimKkeHH:A. MeTa JOCIi/KeHHA MOJIATaNa B MOPiBHANTLHOMY aHaTi3i HOIMPEHOCTi M A30BMX TPaBM Y KBasTidikartiii-
HUX payHJaX, niBdinanax ta ¢piHamax 3MaraHb cepeli CIOPTCMEHIB 3 J1ErKOi aT/IeTUKIL.

Marepianu Ta MeToau. 3arajioM 6y/I0 IIpoaHaisoBaHo faHi 14 CHOPTCMeHiB-40/IOBIKiB Ta 12 CHOPTCMEHOK-KiHOK, sIKi Opa-
JIM Y9acTh y BCIX payHpjax (morepenHix, miBdinanpHux ta ¢iHanpHuX) 3marass 3 6iry Ha 100 meTpis, 200 meTpis Ta 400 meTpiB
BIIPOJOBX 4-piuHoro mepiopy, mounHaroun 3 2021-2024 poxkis. Bik crmoprcMeHoK->XiHOK cTaHOBMB 22,4 + 3,81 poku, cepenHiii
3picT - 167 + 8,6 cM, a Bara — 64,6 + 17,5 KI. Bik cnopTcMeHiB-40/10BiKiB cTaHOBUB 23,4 + 3,82 poku, cepefiHii 3picT — 169 + 8,3 cm,
aBara - 66,4 + 15,8 Kr. 3 MeTOI0 ITPOBe/IeHH: MOPIBHANBHOI OLIIHKM Pe3y/IbTaTiB MK (piHasoM, miBdiHaoM Ta monepegHiMm 3Ma-
TaHHAMM JJIA KOXKHOI CTaTi Ta BUJY CIIOPTY BUKOPUCTOBYBaBCA t-KpuTepiit. 95 %-ii moBipumii iHTepBal pO3paxoByBaIyi OKPEMO
I/11 KOKHOI CTaTi, BUJly CIIOPTY Ta payHJy 3Maranb. KpiM TOro, nopiBHIOBa/IICA IOKAa3HUKH IIOIIMPEHOCTi TpaBMaTusMy. Pisenb
3HAYyLOCTi cTaHOBMB p < 0,05.

PesynbraTtu. IIokasHUK NMOMMPEHOCTI TPaBM HiAKOTIHHOTO CYXOXWIIA cepefi CIIOPTCMEHOK-XKIHOK y Bifi0ipKoBMX 3MaraH-
HAX cTaHoBUB 1,50 (1,05-1,95), y miBdinanax — 1,33 (0,79-1,88) ta y dinani - 1,91 (1,44-2,38). PiBeHb mOIMpeHOCTi TpaBM M’A3iB
HIDKHIX KiHI[IBOK cepefi CIIOPTCMEHOK-KIHOK Y Biff0ipKoByx 3maraHHsx ctaHoBuB 1,50 (0,58-2,42), y miBdinamax — 1,00 (1,00-
1,00), a Takox y ¢inanmi — 1,55 (1,36-1,74). Y cmopTcMeHiB-40/IOBIKiB ITOKa3HUK MOMNPEHOCT] TPaBM HiAKOTIHHOTO CYXOXXW/UIIA
y BigbipkoBux 3maranHsx craHoBus 0,50 (0,08-1,28), y miBdinamax — 0,67 (0,77-2,10) ta 1,00 (0,34-1,66) y ¢inasni. [TokasHux mo-
IIMPEHOCTi TPaBM M sI3iB HIDKHIX KiHI[IBOK cepef CIOPCTMeHiB-40/IOBIKiB y Bifj0ipkoBux 3mMaraHH:Ax ctaHoBus 0,40 (0,28-1,08),
y niBdinani - 0,24 (0,55-1,05), a y dixani cxmas 0,60 (0,08-1,28).

BucHoBku. HaitBuimmit MOKa3HMK MOIIMPEHOCTI M sI30BUX TPaBM BCIiX THUIIB Cepel YO/MOBIKiB CIOCTepiraBcs B KaTeropii
OararobopcrBa. Y XKIHOK TPaBMU IiKOTIHHOIO CYXOXWUIsA 3yCTpidamncs Ha eTamax (iHamy, TOAL K TpaBMU M I3iB HIDKHIX
KiHLIiBOK Oy/1y1 Hal161/1bII HOMMPEHNMH Y HOIePeHiX Ta MiB(diHaIbHIX 3MaraHHAX.

Knro4oBi cmoBa: clopTUBHMIIL, JIeTKa aT/IeTUKA, TPABMU, 3MaraHHA.
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Abstract

Objectives. The objective of the study was to determine the features of competitive activities among national football
teams based on the integral assessment of playing tactics.

Materials and methods. The study was conducted during the 2024 European Football Championship. The competitive
activities of national football teams from European countries (Germany, Spain, England, Switzerland, France, Portugal,
Netherlands, Turkey) were analyzed, focusing on the playing tactics in 50 halves. In order to carry out the study,

the following methods were used: theoretical analysis of literature sources; pedagogical observation of competitive
activities; analysis of video materials of competitive activities; methods of mathematical statistics. The statistical
analysis of the research results was conducted using descriptive mathematical statistics. The sample was characterized
by determining the arithmetic mean, standard deviation (S), and coeflicient of variation (V). The significance of
observed differences in the indicators was assessed using the parametric Student’s t-test for independent samples.

Prior to this, the data’s conformity to a normal distribution was verified using the Shapiro-Wilk W-test.

Results. A methodology for the integral assessment of the tactics undertaken by national football teams was developed.
The integral assessment of team tactics consisted of 10 specific coeflicients that reflect the main components of football
players’ competitive activities in the phases of ball possession and recovery. The competitive activities in 50 halves

of the 2024 European Football Championship were analyzed. The average value of the integral assessment of the tactics
in national football teams was determined to be 5.62 + 0.43 points. The findings revealed significant tactical variations
between the teams, with Spain’s use of high pressing and creative play contributing to their championship victory.

A ten-point scale for evaluating the tactics of national football teams was developed, on the basis of which the level

of competitive activities is interpreted.

Conclusions. The developed methodology for monitoring and analyzing the tactics of football teams allows for targeted
management influences on the competitive activities of football players at the operational, current, and stage levels.
Keywords: football, national teams, competitive activities, playing tactics, integral assessment, methodology, scale,
monitoring.

Introduction activities require a high level of technical, tactical, physical,
and psychological preparedness (Qing Yi et al., 2018; Mola
& Shaw, 2024). One of the most challenging problems in
football is the control of competitive activities, which

© Kostiukevych, V., Shynkaruk, O, Borysova, O., Voronova, V. comprehensively evaluates the technical-tactical and
Vozniuk, T, Doroshenko, E., Sushko, R, & Kulchytska, I, 2024. physical preparedness along with the intellectual, mental,
and psychological abilities of players (Kostykevich, 2019;

oo Cnoper Modric et al., 2019; Aquino et al., 2020).

Football is not only the most popular sport, but also
one of the most complex team sports, where competitive
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The methodology for controlling and analyzing com-
petitive activities in team sports has become the subject of
scientific research by many scholars (Bezmylov, 2015; Mito-
va, Sidorenko, 2015). In particular, research on this issue has
been conducted in basketball (Voznyuk et al., 2020; Bezmy-
lov et al., 2024); volleyball (Shchepotina et al., 2020; Oliinyk
et al., 2021); handball (Tyshchenko, et al., 2019; Solovey O.,
et al,, 2020); ice hockey (Shynkaruk & Serebriakov, 2021);
and field hockey (White & MacFarlane, 2015; Konnov, 2021;
Kostiukevych et al., 2020). Regarding football, it is worth
noting that the control and analysis of competitive activities
in this sport are predominantly based on the integral assess-
ment of technical-tactical activities (Shchepotina et al., 2021;
Kostiukevych et al., 2022) and the monitoring of the attack-
ing actions of football teams (Kostiukevych et al., 2020).

Thus, the analysis of literature sources allows us to
determine the importance of the problem of controlling
and analyzing the competitive activities of athletes in team
sports, including football. At the same time, the problem of
controlling the tactics of national football teams based on an
integral assessment remains relevant.

The objective of the study is to determine the features of
the competitive activities of national football teams based on
the integral assessment of game tactics.

Materials and Methods

Participant

The study was conducted during the 2024 European
Football Championship. The competitive activities of
national football teams from European countries (Germany,
Spain, England, Switzerland, France, Portugal, Netherlands,
Turkey) were analyzed, focusing on the tactics of the game
in 50 halves.

Study Organization

The following methods were used in the study: theoretical
analysis of literature sources; pedagogical observation
of competitive activities; analysis of video materials of
competitive activities; methods of mathematical statistics.

Based on the theoretical analysis of literature sources,
the research topic was identified, and the research hypothesis
was developed.

The methods of pedagogical observation of competitive
activities and analysis of video materials of competitive
activities served as the basis for developing a methodology
for determining the integral assessment of the tactics of
national football teams.

The integral assessment of the tactics of a football team
is based on the following points:

o The indicators of competitive activity must be recorded
in two phases of the game - the ball possession phase
and the ball picking phase;

o Inthe ball possession phase, quantitative and qualitative
indicators of positional and fast attacks, as well as the
number and quality of penetrating attacks, are evaluated;

o In the ball picking phase, quantitative and qualitative
values of ball pickings and interceptions performed in
three zones of the football field (first — low pressing, second
- medium pressing, third - high pressing) are assessed;

o The integral assessment of the tactics of a football team
consists of 10 specific coefficients. Five coefficients
characterize the team’s performance in the ball picking
phase, and the other five in the ball possession phase;

o The value of each specific coefficient ranges from 0 to 1.
That is, the value of the numerator is less than the value
of the denominator.

The integral assessment of a football team’s tactics is
determined using the following formula (Kostiukevych, &
Konnov, 2021; Kostykevich, et al., 2023):

IAtg = HPC + HPEF + LPEF + CBPE + BIEC + PAEC +

SPAEC + GSS + CrC + CC (1)

Coefficients in the ball pickup phase 1.
1. High pressing coefficient (HPC)

— t+1 — azone
e - Zi=a TTAG + D3
~ Y TTA(t +i)1 — a + 2"@zones (2)

n
where: ZTTA(t +1)3" —azone is the number of
technical ahd tactical actions (tackles and interceptions)
performed in certain areas of the field - 1%, 2", 3" areas of

the field.
2. High pressing efficiency factor (HPEF)
" TTA(t + i) + s in 3" zone
HPEF:Zl,;'1 ( ? — (3)
T-1 TTA(t + i) + t in 3"%zone

where is stands for successful TTAs; and t - for total TTAs.

3. Low pressing efficiency factor (LPEF)
P TTA(t +i) +sin 15 zone

LPEF = 4
T TTA(t + i) =+t in 15tzone @

n
where Z TTA(t + i): s - is the number of successful tackles
arrlld intlezréeptions of the ball;

Z TTA(t + i) + t in 15zone- is the total number of
fackles and interceptions of the ball.

4. Coefficient of ball picking efficiency (CBPE)
n_ TTA(t)s
CBPE = 2———— (5)
1. TTA(t)t

n
Z TTA(t)s where is the number of successful tackles during
1=1
the game;

n

Z TTA(t)tis the total number of tackles during the game.
=1
5. Ball interceptions efficiency coeflicient during the

game (BIEC)
n_TTA(i)s
Bmc=;%i——gL (6)
n 1=1 TTA(l)t
where Z TTA(i)sis the number of successful interceptions

1=1
made during the game;
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Z TTA(i)tis the total number of interceptions of the ball

=1
during the game.

Coefficients in the ball possession phase

1. Penetration attack effectiveness coeflicient (PAEC)

1_, PA(point s
PAEC = 21 1PA(point 5) 7)
-1 PA(point s) + 10
where Z PA(point s) is the total amount of points when
1=1

performing penetrating attacks (PA); 10-number value.
2. Successful penetration attack efficiency coefficient

(SPAEC)

n_ SPA
PAEC = =217~ 8
SPAEC = Sn pa+sPA) ®)

where SPA means successful penetration attacks.

3. Goalscoring situation coeflicient (GSS)
1=, GSO,point s
GSS = Shkkdl S )
1(PA + SPA),point s
where Z GSO is the sum of points for creating goalscoring

=1
opportunities during the game;
n

Z(PA + SPA) is the sum of points for penetrating attacks
=1
and successful penetrating attacks during the game.

4. Creativity coefficient (CrC)
T_1(PA + SPA
cre = ,}‘1( )
n T-1(PosA + FA)
where E(PA + SPA) is the number of penetrating attacks

(10)

(PA) ariczllsuccessful penetrating attacks (SPA) conducted by
thr? team during the game;

z(PosA + FA) is the number of positional attacks (PosA)
alnzé fast attacks (FA) carried out by the team during the
game.

5. Combinability coefficient (CC)
n_ BP

CC—W (11)

where Z BP is the number of ball passes during the first

half of the game; 600 is a numerical value

The specific coefficients for the tactics of a football
team in the ball picking phase are determined based on the
application of pressing in three zones of the field.

To determine the specific coefficients in the possession
phase, it is necessary to consider: from the right flank; from
the left flank; from the right half flank, from the left half
flank; from the central part of the penalty area (Fig. 1).

I I
A

Left wing
P>
~
P>
w

Right wing

Ty
A,gg;As
=

Lef half- wing

Field centre

Fig. 1. Sharpening tactical moves during the penetrating attacks
of a football team (Kostiukevych, et. al., 2023)

Penetrating attacks are divided into two types:
penetrating attacks and successful penetrating attacks. Each
successful penetrating attack ends with the awarding of a
corner or free kick or a shot on goal.

Penetrating attacks are evaluated in points depending
on their content (Table 1). In the development of the
evaluation scale for penetrating attacks of a football team,
the coordination complexity (CC) of the goalkeeper’s play
was taken into account. Technical-tactical actions performed
by the goalkeeper using specific motor skills are classified
as the 1%, 2", and 3™ levels of CC. The 4" level of CC
includes the goalkeeper’s “saves” when catching, deflecting,
or intercepting the ball. The 5% level of CC includes the
goalkeeper’s “saves that are performed based on high athletic
skill combined with a sense of intuition (anticipation).

Table 1. Penetrating attack evaluation scale in football

Score,

N The Nature of Penetration Attacks
Points

1 Penetrating attack that ends in losing the ball

A game situation where there is an inaccurate shot on goal,

2
or a free kick/corner kick is awarded to the attacking team

Penetrating attack that ends with an accurate shot on goal,
3 but the goalkeeper controls the ball without high difficulty
in coordination

The game situation is characterized by a “goal-scoring

4* » .
opportunity;” but ends with the loss of the ball

o A favorable game situation for a goal shot from outside the
penalty area, but the shot is inaccurate

6 A favorable game situation for a shot on goal inside the
penalty area, but the shot is inaccurate
An accurate shot on goal from outside the penalty area,

7* with the goalkeeper making a save involving complex
coordination

g An accurate shot on goal within the penalty area, with the

goalkeeper making a save

An accurate shot on goal within the penalty area, when the
9* goalkeeper makes the most difficult saves combined with
anticipation; a penalty kick is awarded

10*  Game situation ending with a goal

Notes: 4-10* - goalscoring situations
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Based on Table 1, specific coefficients of the football
team’s tactics, such as PAEC, SPAEC, GSS, are determined.

GSS is determined by the ratio of the sum of points
for goal-scoring opportunities to the sum of points for all
penetrating attacks.

A goalscoring situation is considered when the position
of the ball and the placement of the players from both teams
are favorable for an accurate shot on goal (Fig. 2).

short medium long

Attacks in football

[ I ]
of the 1% of the 2™ of the 3"
tempo tempo tempo

Fig. 2. Classification of attacks in football (according to
Kostiukevych, et. al., 2023)

There are 1%, 2™, and 3 tempo positional attacks.
A characteristic feature of the 1st tempo positional attack
is that it is executed quickly with optimal use of the playing
space. The duration of such attacks consists of 4-6 tactical
moves. A 2™ tempo positional attack conditionally consists
of two 1st tempo attacks (7-10 tactical moves). Long-term
control of the ball (more than 10 tactical moves) characterizes
the 3"tempo positional attack.

Regarding quick attacks, they are defined by the transfer
of the ball to the opponent’s goal with the shortest duration
and the smallest playing space. Short quick attacks start in
the 3™ zone of the field, medium quick attacks begin in the
2" zone, and long quick attacks start in the 1st zone.

The combination style of a football team’s play is
characterized by the coefficient of combination play CC,
which is determined by the ratio of the number of ball passes
in one half to a conditional number - 600.

The integral assessment is determined as the arithmetic
mean of the two halves.

The control of the tactics of a football team’s play is carried
out based on a special protocol (Kostiukevych et. al., 2023).

Statistical Analysis

The statistical analysis of the research results was
conducted using descriptive mathematical statistics. The
sample was characterized by determining the arithmetic
mean (X), standard deviation (S), and coefficient of variation
(V). The significance of differences in the indicators was
assessed using the parametric Student’s t-test for independent
samples. Prior to this, the data’s conformity to a normal
distribution was verified using the Shapiro-Wilk W-test. The
mathematical processing of the study results was performed
using the Data Analysis package in MS Office Excel and the
Statistica software. The statistical analysis of the research
outcomes was carried out following the principles of
descriptive statistics (Byshevets et al., 2019).

Results

During the final matches of the 2024 European Football
Championship, the tactics of national football teams were

recorded based on the above-described methodology. Based
on the protocols of 50 halves of the teams’ games, a ten-point
scale was developed to assess the level of specific coefficients
of the tactics of national football teams (Table 2).

The scale was designed with regard to the rule of
three sigmas according to the algorithm presented below
Kostiukevych et. al., 2023).

The first step is to determine of the mean value (X).

The second step is to determine of the standard deviation
(S).

The third step is to determine of the range (the difference
between X +3S and X -3S).

The fourth step is to determine of the interval between
points:

P:(f +3s); (X -39)

where: 9 is the number that corresponds to the number of
columns in the scale, where the 1st column is assigned the
value (-3S).

The fifth step is the formation of a ten-point scale:

1 point - value (x -3S);

2 points - value (X-3S) plus the value of the interval
between points, and so on.

The ten-point scale of the tactics of national football
teams allows for the assessment of the level of manifestation
of individual specific coefficients, as well as the overall IAtg.
On the other hand, graphical models of the tactics of football
teams are developed based on the ten-point scale.

Analysis of the tactics of both club and national football
teams allows us to assert that during a match, teams change
their tactical approaches to the game in the first and second
halves (Kostiukevych et al., 2020). This is primarily due
to the current score of the match or a change in tactics
depending on the tactics of the opposing team. Based on
this, during the European Championship, the tactics of the
teams were analyzed both for entire matches and individual
halves (Table 3).

From Table 3, it is evident that the highest values in the
structure of the IAtp are held by specific coefficients such as
PAEC (0.79+0.16 points); BIEC (0.74+0.18 points); LPEF
(0.65+0.10 points); and GSS (0.62+0.12 points). At the
same time, HPC, CrC , and CC are sufficiently informative
for characterizing the tactics of a football team. HPC reflects
the team’s application of high pressing, that is, ball picking
and interceptions in the 3rd zone of the field. Based on the
values of CrC, it is possible to determine the focus of the
team’s attacking actions, aiming to turn most attacks into
penetrating attacks, the realization of which leads to scoring
goals.

The statistical data presented in Table 4 can be considered
as model benchmarks for high-level club and national teams.

One of the tasks of this study was to determine the
components of the game tactics of national teams at the
quarter-final, semi-final, and final stages. Table 4 presents
the values of specific game tactics coefficients for the national
teams in the quarter-finals of the European Championship.
Practically, these are the strongest European teams, except
for Belgium, Italy, and Croatia, which have high FIFA
rankings but did not make it to the quarter-finals. Based on
the rankings of the top three teams in the quarter-finals -
Portugal (IAtg - 5.93 points) and France (IAtg - 5.63 points),

(12)
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Table 2. Ten-point scale of specific performance indicators for competitive activities of national football teams

Level of Specific Performance Indicators for Competitive Activities, Points

Specific Indicators Low Below Average Average Above Average High
1 2 B) 4 B 6 7 8 9 10
HPC 0.08 0.12 0.16 0.20 0.24 0.28 0.32 0.36 0.40 0.44
HPEF 0.24 0.30 0.36 0.44 0.52 0.60 0.68 0.76 0.84 0.92
LPEF 0.35 0.42 0.49 0.56 0.63 0.70 0.77 0.84 0.91 0.98
CBPE 0.23 0.28 0.33 0.38 0.43 0.48 0.53 0.58 0.63 0.68
BIEC 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95
PAEC 0.61 0.65 0.69 0.73 0.77 0.73 0.77 0.81 0.85 0.89
SPAEC 0.28 0.33 0.38 0.43 0.48 0.53 0.58 0.63 0.68 0.73
GSS 0.26 0.34 0.42 0.50 0.58 0.66 0.74 0.82 0.90 0.98
CrC 0.12 0.19 0.26 0.33 0.40 0.47 0.54 0.61 0.68 0.75
CcC 0.29 0.33 0.37 0.41 0.45 0.49 0.53 0.57 0.61 0.65
IAtg 4.33 4.62 491 5.20 5.49 5.78 6.07 6.36 6.65 6.94

Table 3. Indicators of game tactics (in one half) of national
teams at the 2024 European Football Championship (n=50)

Statistical indicators, points

Specific
indicators X S X Xomin v, %
IAtg 5.62 0.43 6.73 4.78 7.7
HPC 0.26 0.06 0.38 0.10 23.9
HPEF 0.58 0.08 0.73 0.36 14.2
LPEF 0.65 0.10 0.82 0.35 16.1
CBPE 0.47 0.08 0.61 0.25 17.0
BIEC 0.74 0.08 0.86 0.41 10.8
PAEC 0.79 0.16 0.85 0.54 7.6
SPAEC 0.49 0.07 0.63 0.32 14.1
GSS 0.62 0.12 0.76 0.23 18.9
CrC 0.42 0.10 0.69 0.24 23.8
CC 0.47 0.06 0.63 0.34 13.7

the playing potential of these teams in upcoming high-level
international competitions can be assessed. It is worth noting
that neither of these teams made it to the final of the 2024
European Championship.

The average IAtg value of the national teams in the
quarter-finals of the European Football Championship is
5.51+0.24 points, which is the same as the average IAtg
value of the teams in the quarter-finals (Table 5). This may
indicate a stable level of competitive activity among the
leading national teams of European countries.

It should be noted that in the semi-final matches,
high pressing was used more frequently compared to the
quarter-final matches, as indicated by the increase in HPC
from 0.22+0.08 to 0.28 +0.06 (21.4 %). This means that the
teams participating in the semi-final matches used a more
aggressive method of playing.

Choosing an active method of play, i.e., building the game
based on playmaking tactics, allowed the national team of
Spain to win the final match and become the champion of
the 2024 European Football Championship. The IAtg of the

Table 4. Indicators of game tactics of national teams in the quarter-finals of the European Football Championship

Specific coeflicients, points

Matches Score * IAtg  Ranking
HPC HPEF LPEF CBPE BIEC PAEC SPAEC GSS CrC

Germany 1 0.20 0.67 0.71 041 084 0.3 0.46 067 049 047 575 2
Spain 2 0.24 0.36 0.72 059 074 083 0.54 066 029 047 544 5.5
England 1 0.32 0.50 0.62 047 069 0.79 0.28 045 048 052 512 8
Switzerland 1 0.23 0.36 0.72 038 074 081 0.37 077 039 045 522 7
France 0 0.31 0.59 0.69 049 077 0.1 0.41 065 045 046 5.63 3
Portugal 0 0.33 0.71 0.74 0.56 078 0.1 0.44 0.42 058 056 593 1
Netherlands 1 0.19 0.53 0.81 039 069 083 0.38 078 036 048 5.44 5.5
Turkey 0 0.11 0.77 0.73 034 056 0.84 0.59 075 043 045 5.52 4

X 0.22 0.56 0.72 045 073 0.82 0.49 064 043 048 551

S 0.08 0.14 0.07 0.09 0.09 0.02 0.11 012  0.10 0.04 0.28

V, % 35.1 25.7 9.3 19.5 135 2.1 22.2 192 237 8.0 52

Notes: * - score of regular game time.
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Table 5. Indicators of game tactics of national teams in the semi-finals of the 2024 European Football Championship

Specific coefficients, points

Matches  Score * IAtg
HPC HPEF LPEF CBPE BIEC PAEC SPAEC GSS CrC CC

England 2 0.35 0.51 0.69 0.42 0.78 0.82 0.39 0.74 0.39 0.59 5.68
Netherlands 1 0.24 0.67 0.69 0.45 0.77 0.79 0.50 0.78 0.30 0.39 5.58
Spain 2 0.22 0.65 0.70 0.49 0.81 0.76 0.46 0.62 0.30 0.57 5.58
France 1 0.30 0.37 0.69 0.46 0.69 0.68 0.55 0.44 0.57 0.44 5.19
X 0.28 0.55 0.69 0.46 0.76 0.76 0.48 0.65 0.39 0.49 5.51

S 0.06 0.14 0.01 0.03 0.06 0.07 0.04 0.17 0.13 0.09 0.24

V, % 22.8 249 0.7 7.4 7.8 9.1 9.2 25.7 34.1 20.1 4.4

Notes: * — score of regular game time

Table 6. Indicators of game tactics of national teams in the final match of the 2024 European Football Championship

aé . Specific coeflicients, points
Matches E g IAtg
Eg @ HPC HPEF  LPEF CBPE  BIEC PAEC SPAEC GSS CrC CcC
Spain 0 0.24 0.50 0.71 0.30 0.88 0.82 0.32 0.71 0.46 0.46 5.40
England 0 0.21 0.56 0.89 0.50 0.80 0.74 0.50 0.72 0.21 0.38 5.51
Spain 2 2 0.29 0.74 0.67 0.41 0.87 0.89 0.70 0.86 0.48 0.48 6.39
England 1 0.17 0.33 0.56 0.47 0.65 0.85 0.27 0.87 0.41 0.34 4.92
Average game data
Spain - 2 0.27 0.45 0.69 0.36 0.88 0.86 0.51 0.79 0.47 0.47 5.75
England - 1 0.19 0.45 0.73 0.49 0.73 0.80 0.39 0.79 0.31 0.39 5.27
Difference, % +29.6 0 -5.5 -26.5 +17.0 +6.9 +23.5 0 +34.0 +17.0  +8.3

Notes: * — score of regular game time

Spanish national team was 5.75 points, which is 0.48 points
(8.3 %) higher than that of the England national team (Table 6).

When considering the values of individual specific
game tactics coefficients of the national teams in the final
match of the 2024 European Football Championship, the
most significant difference in favor of the Spanish team
is observed in the values of HPC - 0.08 points (29.6 %),
SPAEC - 0.12 points (23.5%), CrC - 0.16 points (34.0 %),
and CC - 0.08 points (17.0 %).

The gametactics of the Spanish national team throughout
the tournament, including the final match, were based on
active use of high pressing, a high level of execution of
penetrating attacks, and the creative and combinatorial play.

A example of the tactical advantage of the Spanish
national team’s game model over the English national team’s
game model in the final match of the 2024 European Football
Championship can be illustrated by Figure 3.

Therefore, the presented research results on the issue of
control and analysis of the game tactics of national football
teams are relevant to the needs of the theory and practice of
high-performance sports.

Discussion

Discussion questions related to any research are
primarily determined by the relevance of the problem,
scientific inquiry, and the interpretation of research results
concerning the identified problem.

(a) (b)

Fig. 3. Models of game tactics in the final match of the 2024
European Football Championship of the national teams of Spain
(a) and England (b). Notes: 1 - HPC; 2 - HPEF; 3 - LPEF; 4 -
CBPE; 5 - BIEG; 6 - PAEC; 7 - SPAEC; 8 - GSS; 9 - CrC; 10 - CC

The chosen topic of scientific inquiry is undoubtedly
relevant to the development of team sports at the present
stage, as confirmed by previous studies by domestic
(Kostiukevych et al., 2019; Bezmylov et al., 2020; Mitova
& Shynkaruk, 2022) and foreign scientists (Sarmento et al.,
2014; Aguinj et al., 2020; Simons, 2019).

This research complements the theoretical foundations
of monitoring competitive activities of athletes in team sports
(Doroshenko, et al., 2019; Mitova, et al., 2023), particularly
regarding the analysis of competitive activities in these sports
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based on the integral assessment of competitive activities (Shy-
nkaruk et al., 2020; Konnov, 2021; Kostiukevych et al., 2022).

The developed methodology for monitoring and
analyzing the tactics of national football teams allows
for increased efficiency in managing players’ competitive
activities both within the framework of the respective
tournament and directly in the match. This is crucial for the
operational correction of footballers’ competitive activities
(Perepelytsia, 2021; Kostiukevych, et al., 2023).

The structure of the integral assessment of a football
team’s game tactics consists of various components that
characterize the technical and tactical activities of the team
in the phases of possession and picking. Comparing specific
indicators of a football team’s game tactics over a given
preparation period allows for adjustments in management
interventions in the training and competitive processes of
high-level footballers.

As for the interpretation of the research results, they
are presented in the article according to the research
objective using a specific algorithm: developing the research
methodology - conducting the research - analyzing the
research results.

It should be noted that an important component of the
interpretation of the research results is the development
of a ten-point scale for assessing the level of game tactics
of national football teams. Based on this scale, the level of
manifestation of individual tactical components of the team’s
game is determined, and graphic models of the game are
formed.

Overall, the conducted research provided new
knowledge regarding the management of the competitive
process of national football teams.

Conclusions

Modern trends in football development require new
methodological approaches to control and analyze the
competitive activities of high-level club and national football
teams. One such approach is the integral assessment of the
team’s competitive activities, taking into account the main
aspects of game tactics.

The peculiarities of the competitive activity of the
national teams are determined by the interaction of the
players during defensive and offensive actions. The criteria
for such interactions are specific indicators of the integral
assessment of team game tactics. The average values of these
indicators in one half are (in points): ball pickup phase -
0.26+0.06 (HPC), 0.58 +0.08 (HPEF), 0.65+0.10 (LPEF),
0.47 £0.08 (CBPE), 0.74+0.08 (BIEC); ball possession
phase - 0.79+0.16 (PAEC), 0.49+0.07 (SPAEC), 0.62£0.12
(GSS), 0.42+0.10 (CrC), 0.47+0.06 (CC). The integral
assessment of the teams’ game tactics corresponds to a value
of 5.62+0.43 points.

A ten-point scale for assessing the level of game tactics
of national football teams has been developed, based on
which a targeted analysis of the manifestation of tactical
components of the game in the phases of ball picking and
possession is carried out.

The prospect of further research on the chosen problem
will be determined by the search for ways to comprehensively
control the competitive activities of club and national football
teams based on integral and expert assessments.

Conventional abbreviations

HPC -  high pressing coeflicient;

HPEF -  high pressing efficiency factor;

LPEF -  low pressing efficiency factor;

CBPE - coeflicient of ball picking efficiency;

BIEC - Dball interceptions efficiency coefficient
during the game;

PAEC - penetration attack effectiveness coefficient;

SPAEC - successful penetration attack efficiency
coefficient;

GSS - goalscoring situation coefficient;

CrC-  creativity coeflicient;

CC- combinability coeflicient;

IAtg -  integral assessment of game tactics
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Pegepar. Crartst: 9 ., 6 Tabr., 3 puc., 32 mxeperna.

Mera — BU3HAYUTHU 0COOMMBOCTI 3MarasbHOI Ais/IbHOCTI HAI[iOHATbHUX 30ipHUX PyTOOIBHMX KOMaH] Ha OCHOBI IHTETpasib-
HOI OL[iHKM TaKTUKU TPU.

Marepian i meropu. [locnipkents Oyio mposefeHo mig yac Yemmionary €spomnu 3 pyrdory 2024 poky. 3MaranbHa AisIbHICTD
HalioHampHNX QyTOONIBPHMX KOMaHJ e€Bporeiicbkux Kpain (Himewunna, Icnanis, Aurnis, HIBeituapis, ®panuis, [lopryranis,
Hineprnanpyu, TypeuunHa) 6yna npoaHaaisoBaHa 3 aKLEHTOM Ha TaKTMKY rpu y 50 Taitmax. MeTomy: TeOpeTUIHMII aHAIi3
JIiTepaTyPHUX JIKEPETT; IelaroriyHe CIIOCTEPEXKEHHS 32 3MarajbHOIO JiA/MbHICTIO; aHAJIi3 BifleoMaTepiasliB 3MarajibHOI Tis/IbHOCTI;
MeTOAM MaTeMaTN4HOI cTatucTuKy. CTaTUCTUYHMIT aHaJIi3 Pe3y/IbTaTiB JOCIIPKeHHs OYB IIPOBeIeHMIT 3a TOIOMOTOI OIIMCOBOI
MaTeMaTNYHOI CTaTUCTUKY. XapaKTePUCTUKY BUOIPKM BU3HAYANIUCS 3 TOIMOMOIOK OOYMC/ICHHS CEPEfHbOro apupMeTNIHOTrO
(X), cranpapTHoro BigxmieHHs (S) Ta koedimienrta Bapianii (V). 3HauyuiicTp BiZMIHHOCTEl y ITOKasHMKAX OL[iHIOBa/Iacs 3a
IOIIOMOTOI0 ITapaMeTPUYHOrOo t-Kputepito CTbIoOfieHTa [/ He3a/Ie)KHUX BIOipok. [lepen 1M BifIIOBifHICTD JaHUX HOPMATbHOMY
posnopiny nepesipsnacsa 3a gornomoroo tecty Hlamipo-Yinka.

Pesynprarn. Po3pobiero METOJIMKY iHTerpasbHOI OLIIHKY TAKTUKM HalliOHa/IbHMX (1)yT60anMX KoMaHJ,. [HTerpanbHa omiHKa
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KOTO IIPECHHTY Ta KPeaTUBHOI IPY CIIPUATIO IXHilT mepeMosi B deMitioHaTi. Byso po3po6ieHo fecATnOanbHy MIKaTy [if OLiHKK
TaKTMKM HalliOHa/IbHMX (PyTOOBHUX KOMAH]I, Ha OCHOBI AKOI IHTePIIPETYEThCA PiBeHb 3MarajbHOI TifAMbHOCTI.

BucHoBoK. Pospo6iieHa MeTOAIKAa MOHITOPUHIY Ta aHa/Ii3y TAaKTUKYU Pyt GyTOOIBHIX KOMAH[, JO3BOJLIE LIiIECIPSIMOBAHO
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Abstract

Objectives. The purpose of the study was to determine the parameters of female students’ physiological
characteristics with different somatotypes, which they achieved by exercising outside the university due to COVID-19
quarantine and air raids during the hostilities in Ukraine.

Material and methods. The study involved 66 female students aged 17.8 + 0.6 years, who belonged to different
somatotypes and had no reservations about engaging in different amounts of physical activity. The Shtefko-Ostrovsky
method, modified by S. Darskaja, was used to diagnose the somatotype. The necessary empirical data were obtained
through the performing well-known functional tests that allowed to determine blood pressure, heart rate in different
situations, vital capacity, vital capacity index, maximum isometric strength index, and Robinson index. The parameters
of these characteristics were determined in female students with each of the four available somatotypes during the
study, and each parameter was compared with different somatotypes. The testing was conducted at the beginning
(January) and at the end (May-June) of the academic semester, but during one academic year.

Results. At the beginning, and even more so at the end of the academic year, the parameters of the studied characteristics
in female students with each of the available somatotypes differed from each other (p-values ranging at the level from
0.05 to 0.000). The volumes and conditions of physical activity used during the academic year did not lead to significant
changes in the physiological characteristics of all female students, i.e. parameters remained at the previously achieved
level. At the same time, the presence of peculiarities caused by the girl’s belonging to a certain somatotype was observed.
Conclusions. Identifying the peculiarities in changes of female students’ physiological characteristics’ parameters,
taking into account their somatotypes, is a perspective and significant direction for modernization of physical
education at university. The obtained data will contribute to the individualization of the content and normative

bases of physical education for female students, using information on the manifestation and change of parameters of
various characteristics, including physiological ones.

Keywords: physiological characteristics, female students, differentiation, physical education, physical activity,
COVID-19.

Introduction plan on physical activity 2018-2030). Some of the main
reasons are as follows: this physical activity is considered
as one of the most effective forms in the successful solution

students’ physical activity in extracurricular time (American o ' -
i ) . ' ; of university physical education tasks (Zhang & Wu, 2020;
College, 2017; Banakh, 2019; Get Active, 2020; Global action Abrantes et al., 2022; Wilmore et al., 2022); the number of
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2021; Lopez-Valenciano et al., 2021; James et al., 2023);
analysis of curricula for bachelor’s and master’s degrees
shows a tendency to further reduce the number of physical
education classes (Institute of Medicine, 2013; Wiium,
Safvenbom, 2019; Annear et al., 2022).

At the same time, we have recently noted a further in-
crease in researchers’ attention to the problem of moderniz-
ing university physical education (Vaquero-Solis et al., 2020;
Kljajevi¢ et al., 2021; Annear, 2022; Ge et al., 2024). Some of
the main reasons for the need to modernize this pedagogical
process are largely due to: quarantine during the COVID-19
epidemic, air raids as a result of hostilities, the orientation of
the educational process at the university towards the optional
nature of physical education, and some other problems of
students” physical activity (Romero-Blanco, et al, 2020; Wil-
son et al., 2021; Misharskyi et al., 2023).

Due to this situation, the problem of individualization
and personalization of physical education is particularly
relevant, which involves providing students with appropriate
counseling services, orientating them to independent physical
activity in non-classroom time, and offering each individual
the optimal parameters of physical activity (Coulter et al.,
2016; Banakh & Iedynak, 2021; Frackiewicz, 2023). In other
words, we are talking about designing an educational route for
each student that helps him or her to solve the task (Wiium,
Safvenbom, 2019). The practical implementation of this
personalization in physical education, including at university,
involves the use of a predictive and effective marker, one of
which is the somatotype (Cinarli & Kafkas, 2019; Campa et al.,
2020; Iedynak et al., 2021). Knowledge about the peculiarities
of physiological characteristics is also important, as they are
one of the leading factors in determining the content of the
physical activity program for each student (Katzmarzyk &
Silva, 2013; Wilmore et al., 2022).

Given the above, it was found that such information is
insufficient, and this does not contribute to solving the iden-
tified scientific problem. There is no data on the peculiarities
of manifestation and changes in the parameters of physi-
ological characteristics of girls with different somatotypes
in the absence of compulsory physical activity during their
studies at university. Such information is important because
it will contribute to the formation of individual programs
to successfully solve the problem of improving the physi-
ological characteristics of girls with different somatotypes
(Stewart et al., 2014; Iedynak et al., 2017). The importance of
achieving this result is due to several reasons, one of which is
that the parameters of girls’ physiological characteristics are
lower than necessary. This, in turn, does not contribute to
the quality of girls’ educational activities, professional duties
in the future, various types of household activities, maintain-
ing and improving their health, physiological capacities, and
other important characteristics for ensuring a high quality
of life (Campa, Greco, 2022). Thus, given the above informa-
tion, there is a need to conduct research in this area.

Materials and methods

Study participants

The study involved 66 girls, each aged 17.8 + 0.6 years.
They belonged to different somatotypes and had no reserva-
tions about the use of different amounts of physical activity.

The Shtetko-Ostrovsky method in the modification of S. Dar-
skaja was used to diagnose the somatotype. Thus, 12 belonged
to the asthenic somatotype (A-type), 22 — thoracic somatotype
(T-type), 22 - muscular (M-type), and 10 — digestive (D-type).

Study organization

Somatotypes were diagnosed at the beginning of the ex-
periment. The use of this particular scheme was due to the fol-
lowing reasons: the main characteristics of the scheme are very
similar to the Heath-Carter scheme, which is most often used
by researchers from Europe and the United States (Carter &
Heath,1990; Stewart et al., 2014; Bertuccioli et al., 2022). The
selection of the Shtefko-Ostrovsky scheme makes it extremely
possible to establish a certain trend, especially manifestations
and changes in physical readiness in comparison with the data
of other researchers (Sands, 2012; Tedynak et al., 2021).

The study was based on characteristics that reflected
the state of functioning of girls’ respiratory, cardiovascular,
and neuromuscular systems. At the beginning and end
of the study, the parameters of these characteristics
were determined in girls with each of the four available
somatotypes. In addition, a comparative analysis of the
parameters of each characteristic that marked the existing
somatotypes was carried out. Each functional test used is
well-known, widely used in practice, and recommended by
researchers as reliable and informative (American College of
Sport Medicine, 2017; Wilmore et al., 2022).

These tests were used to determine vital capacity (VC);
heart rate (HR) in different situations (at rest, after using a
dosed load, during recovery from the used load); blood pres-
sure (systolic — SBP, diastolic — DBP); vital capacity index
(VCI = VC/body mass), maximum isometric strength index
(IMIS = maximum isometric strength/body mass); Robinson
index (RI = (SBP x HR)/100). All the specified requirements
were met during the application of these tests. The data ob-
tained were interpreted as follows: HR reflected the state of
functioning of the heart, and together with blood pressure
and RI - the state of the cardiovascular system at rest; the
value of VC indicated the ability of the lungs to receive oxy-
gen, the value of VCI - the state of the respiratory system
in terms of a full supply of oxygen to the body. The value
of IMIS allowed to establish the state of development of the
skeletal muscles of girls. This indirectly indicates the state of
excessive accumulation in the muscles of structural and en-
ergy potentials that increase their working capacity. We used
certified equipment: to determine the blood pressure — BP
AGI-30 Microlife, to determine the IMIS - handgrip Cam-
ry dynamometer, to determine the VC and VCI - Cardio-
Spiro, NDD EasyOne Plus System 2000-2 spirometer. VCI
and IMIS included the determination of body mass, for this
purpose, OMRON BF 511 scales were used. Testing was con-
ducted at the beginning (January) and end (May-June) of the
academic semester during one academic year. The results
were compared with each other first in each somatotype,
then in different somatotypes. The increase, or decrease in
the parameters of a certain characteristic or its manifestation
at the previously achieved level was determined.

The study was planned and implemented by the
principles of bioethics set out by the World Medical
Association (WMA-2013) in the Declaration of Helsinki on
Ethical Principles for Medical Research Involving Human
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Subjects and by UNESCO in the Universal Declaration
on Bioethics and Human Rights. This helped to fulfill the
requirements of voluntariness, anonymity, and trust; all girls
provided informed written consent to participate in the study.
The study protocol was approved by the Ethical Committee
of Kremenets Regional Humanitarian Pedagogical Academy
named after Taras Shevchenko.

Statistical Analysis

All statistical analyses were performed using SPSS
Version 21. For each assessment, the following calculations
were performed: arithmetic mean (M), standard deviation

(SD), and Kolmogorov-Smirnov Test (KS). The latter allowed
us to establish the nature of the distribution of individual values
in each sample of girls. Based on the results of this analysis,
when comparing two means, the Students T test for related
and unrelated samples or nonparametric methods were used;
the 0.05, 0.01, and 0.001 probability levels were used to indicate
statistical significance (Robinson, 2016; Weir & Vincent, 2020).

Results

Before studying the empirical data, we analyzed them
from the point of view of compliance with the normal
distribution of values of each physiological characteristic in

Table 1. Results of girls with different somatotypes at the beginning of the study

On beginning
N The name of the parameter M, D Min Max K-S, p
A-type (n=12)
1 VC,ml 2380.00 274.84 2110.00 3070.00 <0.10
2 HR at rest, bpm™ 79.20 3.30 72.00 81.00  >0.20
3 HR after exercise, bpm™ 119.50 6.50 110.00 130.00 >0.20
4 SBP, mmHg 112.83 8.83 102.00 130.00 >0.20
5 DBP, mmHg 66.75 4.33 60.00 72.00 >0.20
6 Recovery time after exercise, s 148.42 14.48 116.00 165.00  >0.20
7 VCIL mlkg! 44.83 3.83 41.00 53.00 >0.20
8 IMIS, % 45.08 4.76 38.00 52.00 >0.20
9 RI, conditional units 97.17 5.01 87.00 104.00 >0.20
T-type (n = 22)
1 VC,ml 2750.00 277.85 2350.00 3480.00 <0.20
2 HR at rest, bpm* 76.50 3.73 72.00 84.00 >0.20
3 HR after exercise, bpm™ 112.50 7.18 103.00 126.00  >0.20
4 SBP, mmHg 117.91 5.11 108.00 126.00 >0.20
5 DBP, mmHg 72.09 3.44 68.00 81.00  <0.15
6 Recovery time after exercise, s 150.73 10.11 126.00 168.00 >0.20
7 VCI, mlkg! 44.18 4.72 33.00 51.00  <0.20
8 IMIS, % 47.18 3.47 41.00 54.00 >0.20
9 RI, conditional units 93.41 5.00 84.00 102.00  >0.20
M-type (n = 22)
1 VC,ml 2490.00 223.61 2150.00 2900.00  >0.20
2 HRatrest, bpm™ 74.63 2.97 68.00 78.00 >0.10
3 HR after exercise, bpm™ 110.41 7.69 100.00 132.00 >0.20
4 SBP, mmHg 117.91 4.80 110.00 126.00 >0.20
5 DBP, mmHg 74.09 2.88 68.00 78.00  >0.20
6 Recovery time after exercise, s 150.09 11.33 119.00 163.00 <0.10
7 VCI, mlkg! 43.09 3.49 38.00 51.00 >0.20
8 IMIS, % 47.09 5.68 40.00 62.00 <0.20
9 RI, conditional units 89.82 7.10 71.00 103.00 >0.20
D-type (n = 10)
1 VC, ml 2550.00 259.14  2230.00 3100.00 >0.20
2 HRatrest, bpm™ 75.80 2.53 73.00 81.00 >0.20
3 HR after exercise, bpm™ 128.70 12.79 116.00 150.00 >0.20
4 SBP, mmHg 119.10 6.12 112.00 134.00 >0.20
5 DBP, mmHg 78.10 2.92 74.00 82.00 >0.20
6 Recovery time after exercise, s 164.30 24.65 126.00 198.00  >0.20
7 VCI, mlkg! 37.10 5.30 31.00 46.00 >0.20
8 IMIS, % 40.10 3.87 36.00 50.00  >0.20
9 RI, conditional units 89.60 417 84.00 97.00 >0.20

Note: a reliably significant difference between the two means is highlighted in color
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the studied samples. The K-S Test was used, and the results
in all cases revealed a normal distribution of values (Table 1).

When comparing the parameters of girls with the
available somatotypes, differences between them were
found. The largest number was found in girls with T-type,
namely, in 6 of all 9 characteristics, the values differed by a
statistically significant amount (Table 2).

This concerned a pair of samples T-type and A-type,
as well as a pair of samples T-type and D-type. Specifying
the identified differences, we note that in the first pair, all
parameters were better in representatives of T-type, in the
second pair — HR after exercise, recovery time after exercise,
VCIL, and IMIS, while DBR and RI parameters were better in
girls with D-type.

At the same time, in the next pair of samples, it was
found that D-type girls had higher DBR than M-type girls,
while the latter had higher HR after exercise, recovery time
after exercise, VCI, and IMIS. The revealed peculiarity of
girls with M-type was the same as that of girls with T-type.
This led to the detection of almost identical parameters in the
studied characteristics in these samples, except VC, which
was better in T-type, and DBR, which was higher in M-type.

Comparing the parameters of physiological charac-
teristics of girls with A-type and D-type, which are extreme
variants of body composition components development,

the following was found. The former were marked by a better
reaction of the cardiovascular system to dosed physical activity
because their HR after exercise was 119.5+ 6.5 bpm™!, whereas
in girls with D-type it was 128.7 + 12.79 bpm™ (t = 3.725;
p<0.001), as well as VCI (44.83+3.83 and 37.1+5.3 ml-kg”,
respectively; t = 3.967; p < 0.001), IMIS (45.08 + 4.76 and
40.1 £ 3.87 %; t = 2.657; p < 0.015).

The repeated study, which took place at the end of the
academic year, revealed certain features of changes in the pa-
rameters of the studied characteristics. One is the improve-
ment in each somatotype of only certain characteristics, ex-
cept A-type representatives. They did not have statistically
significant changes in any indicator (Table 3).

There was only a certain tendency in their change,
the most expressive positive — in VC, recovery time after
exercise, VCI, negative — IMIS, RI.

In girls with T-type, the change was found in parameters
2 out of all 9 studied characteristics, in girls with M- and
D-types - 1. At that, in T-type parameters IMIS deteriorated
by 3.77 ml-kg! (t = 2.939; p < 0.005), VCI - by 2.59 %
(t =2.160; p < 0.037). The first of these indicators reflected
the state of development of the neuromuscular system,
namely the state of excessive accumulation in the muscles of
structural and energy potentials that increase their working
capacity. VCI showed the state of oxygen supply to the body.

Table 2. Differences in results of girls with different somatotypes at the beginning of the study

Result The name of the parameter
(points) 1 2 3 4 5 6 7 8 9

A-T
t -3.725 2.073 2.806 -2.134 -3.951 -0.546 0.410 -1.476 2.093
F 1.022 1.276 1.218 2.989 1.589 2.050 1.514 1.876 1.002
P 0.000 0.046 0.009 0.041 0.000 0.589 0.685 0.150 0.044
A-M
t -1.264 4.091 3.469 -2.185 -5.936 -0.373 1.344 -1.040 3.170
F 1.511 1.234 1.398 3.384 2.265 1.634 1.206 1.426 2.013
p 0.215 0.000 0.002 0.036 0.000 0.712 0.188 0.306 0.003
A-D
t -1.482 2.641 -2.183 -1.894 -7.045 -1.881 3.967 2.657 3.802
F 1.120 1.700 3.870 2.080 2.190 2.900 1.910 1.510 1.440
P 0.154 0.016 0.041 0.073 0.000 0.075 0.000 0.015 0.001
T-M
t 3.419 1.835 0.933 0.000 -2.094 0.197 0.872 0.064 1.939
F 1.544 1.575 1.148 1.132 1.426 1.255 1.827 2.676 2.016
p 0.001 0.074 0.356 1.000 0.042 0.845 0.388 0.949 0.059
T-D
t 1.925 0.538 -4.604 -0.575 -4.789 -2.234 3.790 5.162 2.095
F 1.150 2.170 3.180 1.430 1.380 5.940 1.260 1.240 1.440
p 0.064 0.595 0.000 0.570 0.000 0.033 0.001 0.000 0.045
M-D

-0.670 -1.073 -5.043 -0.597 -3.636 -2.259 3.815 3.522 0.090
F 1.343 1.377 2.767 1.625 1.032 4.733 2.307 2.153 2.903
P 0.508 0.292 0.000 0.555 0.001 0.031 0.001 0.001 0.929
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Table 3. Results of girls with different somatotypes at the end of the study and the statistical reliability of

their change

At the end (M, - M,)
N The name of the parameter -
M, SD Min Max t P

A-type (n=12)
1 VC ml 2410.00 334.72 2010.00 3200.00 -0.240 0.813
2 HRatrest, bpm™ 79.00 4.29 69.00 84.00 0.107 0.916
3 HR after exercise, bpm'1 118.08 8.59 105.00 136.00 0.456 0.653
4 SBP, mmHg 112.58 6.79 104.00 127.00 0.078 0.939
5 DBP, mmHg 67.67 342 62.00 72.00 -0.576 0.571
6  Recovery time after exercise, s 145.58 15.58 112.00 163.00 0.461 0.649
7  VCI, mlkg! 45.33 5.25 40.00 56.00 -0.267 0.792
8 IMIS, % 44.58 5.38 39.00 54.00 0.241 0.812
9  RI, conditional units 97.67 6.61 85.00 105.00 -0.209 0.836

T-type (n = 22)
1 VC ml 2710.00 277.25 2310.00 3440.0 0.478 0.636
2 HRatrest, bpm™ 75.82 3.98 71.00 84.0 0.586 0.561
3 HR after exercise, bpm™ 114.09 6.98 105.00 126.0 -0.746 0.460
4 SBP, mmHg 117.09 5.33 106.00 124.0 0.520 0.606
5 DBP, mmHg 72.59 3.89 68.00 84.0 -0.452 0.654
6  Recovery time after exercise, s 146.50 10.57 118.00 164.0 1.355 0.183
7 VCI, mlkg! 4041 3.78 33.00 52.0 2.929 0.005
8 IMIS, % 44.59 4.43 38.00 56.0 2.160 0.037
9  RI, conditional units 92.59 6.34 83.00 105.0 0.475 0.637

M-type (n =22)
1 VC ml 2502.96 262.09 2150.00 3200.00 -0.176 0.860
2 HRatrest, bpm 75.09 4.14 68.00 84.00 -0.419 0.678
3 HR after exercise, bpm™ 108.91 7.33 96.00 126.00 0.662 0.512
4  SBP, mmHg 118.23 4.14 110.00 126.00 -0.236 0.815
5 DBP, mmHg 75.09 3.42 68.00 80.00 -1.049 0.300
6  Recovery time after exercise, s 143.09 11.98 110.00 156.00 1.992 0.053
7 VCI, mlkg! 46.32 5.05 41.00 59.00 -2.467 0.018
8 IMIS, % 49.18 7.84 42.00 68.00 -1.013 0.317
9  RI, conditional units 88.91 8.41 69.00 109.00 0.388 0.700

D-type (n = 10)
1 VC ml 2600.00 273.74 2090.00 3000.00 -0.420 0.680
2 HRatrest, bpm™ 76.20 3.19 72.00 82.00 -0.311 0.760
3 HRafter exercise, bpm™ 130.40 9.43 114.00 143.00 -0.338 0.739
4  SBP, mmHg 120.80 6.27 114.00 134.00 -0.614 0.547
5 DBP, mmHg 81.10 2.23 78.00 84.00 -2.579 0.019
6  Recovery time after exercise, s 161.40 17.05 124.00 180.00 0.306 0.763
7 VCI, mlkg! 38.50 2.99 33.00 44.00 -0.727 0.476
8 IMIS, % 42.50 3.60 36.00 50.00 -1.436 0.168
9  RI, conditional units 91.70 5.56 84.00 99.00 -0.956 0.352

Note: a reliably significant difference between the two means is highlighted in color

In girls with M-type, there was an improvement in VCI
parameters, which amounted to an average of 3.23 mlkg"
(t=-2.467; p < 0.018).

In girls with D-type, an increase in DBR to 81.1 mmHg
was detected, but, at the beginning of the study, these
parameters were within the age-related norm. Therefore,
this result was not considered an option for improving the
indicator.

These changes contributed to increased differences between
the parameters achieved by girls with a particular somatotype
at the end of the school year. In particular, the following trend
was found: in each pair of samples, out of all 9 characteristics
studied, 5 differed by a statistically significant amount when
compared, except the T- and D- samples (Table 4).

At the same time, in girls with A- and T-types, the
following characteristics were VC, HR at rest, DBR, VCI,
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Table 4. Differences in results of girls with different somatotypes at the end of the study

The name of the parameter

Result (points)
1 2 3 4 5 6 7 8 9

A-T

t -2.799 2.168 1.470 -2.140 -3.676 -0.204 3.164 -0.004 2.197

F 1.451 1.157 1.515 1.624 1.292 2.122 1.930 1.480 1.086

P 0.009 0.038 0.151 0.040 0.001 0.840 0.003 0.997 0.035
A-M

t -0.415 3.038 2.734 -2.504 -5.841 -0.038 -0.060 -1.308 3.192

F 1.760 2.070 1.050 3.060 1.030 1.710 1.120 2.160 2.410

p 0.681 0.005 0.010 0.018 0.000 0.970 0.952 0.201 0.003
A-D

t -1.437 1.707 -3.205 -2.926 -10.650 -2.272 3.646 1.043 2.262

F 1.500 1.800 1.210 1.170 2.340 1.200 3.080 2.240 1.410

P 0.166 0.103 0.004 0.008 0.000 0.034 0.002 0.310 0.035
T-M

2.543 0.594 2.401 -0.790 -2.264 1.0009 -4.398 -2.392 1.640

F 1.124 1.080 1.106 1.656 1.291 1.283 1.787 3.139 1.755

P 0.015 0.559 0.021 0.434 0.029 0.323 0.000 0.021 0.109
T-D

1.043 -0.266 -5.487 -1.729 -6.421 -3.037 1.407 1.307 0.382

F 1.030 1.560 1.830 1.380 3.030 2.600 1.590 1.510 1.300

p 0.305 0.792 0.000 0.094 0.000 0.005 0.170 0.201 0.705
M-D

t -0.958 -0.750 -7.025 -1.383 -5.061 -3.505 4.527 2.558 -0.955

F 1.090 1.680 1.650 2.290 2.350 2.030 2.850 4.750 2.290

p 0.346 0.459 0.000 0.177 0.000 0.002 0.000 0.016 0.347

Note: a reliably significant difference between the two means is highlighted in color

and RI. Specifying these differences, it was noted that girls
with T-type had an advantage over girls with A-type in all
these characteristics, except for VCI. The latter indicated
better oxygen supply to the body in girls of this somatotype.

When comparing the parameters of functional
characteristics of girls with A- and M-types, it was noted that
the values of HR at rest, HR after exercise, RI, as well as SBR
and DBR differed significantly. All parameters were better in
girls with M-type, except for the last two, as in both samples
they were within the age norm.

When comparing the parameters of A- and D-type girls,
it was noted that HR after exercise, DBR, recovery time after
exercise, VCI, and RI were significantly different. At the
same time, the results in all these characteristics, except R,
were better in girls with A-type.

The parameters VC and HR after exercise differed in
girls with T- and M-types, DBR, VCI, and IMIS. T-type girls
had an advantage in the first characteristic, while M-type
girls showed better results in the others.

As for the T- and D- samples, statistically significant
differences were found in the parameters HR after exercise,
DBR, and recovery time after exercise. In all cases, represen-
tatives of the T-type showed better results.

The same advantage was noted in girls with M-type when
comparing the parameters HR after exercise, DBR, recovery
time after exercise, VCI, and IMIS with those obtained in the
sample of girls with D-type.

Discussion

The study of the parameters of physiological
characteristics achieved by girls with different somatotypes
while exercising outside the university due to COVID-19
quarantine and air raids during hostilities is an important
task (Banakh, 2019). It is caused by trends related to the
modernization of student physical education based on
personalization and individualization (Kljajevié et al., 2021;
Annear, 2022; Ge et al., 2024). At the same time, one of
the promising directions of such modernization is related
to the identification of means that are interesting for girls
and adequate volumes, taking into account individual
characteristics (Roure et al., 2021; Hao & Yang, 2022). This
direction should involve a shift from partially selective to
comprehensive consideration of students’ characteristics,
including data synthesis and integral perception of the
information received (Wiium, Safvenbom, 2019; Banakh,
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Iedynak, 2021). In this regard, the question arises of the
choice and further application of an effective marker,
which, based on individualization and personalization in
the physical education of students, will formulate physical
activity programs and assess their various characteristics
(Coulter et al., 2016; Coimbra et al., 2021; Frackiewicz, 2023).
Researchers’ information suggests that somatotype may be
one of these markers (Cinarli & Kafkas, 2019; Campa et al.,
2020). The latter is considered a conditional marker, which is
an external manifestation of a person’s constitution (Carter
& Heath, 1990; Iedynak et al., 2021; Dinparastisaleh, R. et
al.,, 2023). In turn, the constitution is characterized as the
integrity of morphological and functional properties that are
inherited and acquired, relatively stable over time, associated
with the pace of individual development, peculiarities of the
body’s reactivity, style of activity and material prerequisites
of human abilities (Katzmarzyk & Silva, 2013; Stewart et al.,
2014; Silventoinen et al., 2021).

In other words, the somatotype reflects a complex of
individual characteristics, which means that it is possible
to assess the state of their development and take them
into account when developing individual physical activity
programs that are adequate to current capabilities and
abilities (Pereira et al., 2017; Zorrilla-Revilla et al., 2022).
Such information, although only a part of the total, is
nevertheless an argument for the effectiveness and efficiency
of somatotype in terms of implementing a personalized
approach in the practice of physical education of students.

A certain confirmation of this is the information about
the normal nature of the distribution of individual values,
which was determined by the K-S test in girls with different
somatotypes. These data are consistent with the results of
another study (Banakh et al., 2023). Also, the results of other
researchers show that the values of most morphological and
functional indicators in samples of girls and boys show poly-
modality (Sands, 2012; Silventoinen et al., 2021). The main
reason for this is the combination in one sample of two or
more qualitatively different populations of the same age and
sex, i.e., belonging to different somatotypes (Robinson, 2016;
Weir & Vincent, 2020). At the same time, the differences are
significantly reduced if the somatotype is taken into account
when determining the nature of the distribution of indi-
vidual values in a particular sample (Iedynak et al., 2021).

Taking into account the above, an experimental study
was conducted. Already at its beginning, discrepancies were
found in the parameters of the physiological characteristics of
girls with different somatotypes. Differences were also found
at the end of the study, and they were even more pronounced
than at the beginning. Such a result was associated with a
complex of reasons, one of which related to the peculiarities
of morphofunctional development, namely, the clearly
expressed typological dependence of the parameters of these
characteristics (Ryan-Stewart et al., 2018; Cinarli et al., 2022;
Sliusarchuk et al., 2022). In connection with the peculiarities
of such development, it was noted that the growth and
development processes begin earlier in D-type women.
Compared with them, such processes begin, on average, half
a year later in girls with M-type, in girls with T-type one
year later, and in girls with A-type — by one and a half years
(Hasiuk, 2003). Such a feature determines the unequal pace
of development of various functional systems, physiological
characteristics, and motor capabilities (Bacil etal., 2015;

Kvintova & Sigmund, 2016; Wilmore et al., 2022). This is
confirmed by our results, in particular, the differences in the
values of the studied indicators. Thus, at the beginning of the
study, the largest number of characteristics, the parameters
of which differ by a statistically significant value, were found
in pairs of samples T-A and T-D, in particular, there were
6 of them out of all 9 studied. The parameters in the pair
of T-M samples were practically the same, except for VC
(it was better in T-type) and DBR (it was more in M-type).
Between girls with A-type and D-type, the first have a better
reaction of the cardiovascular system to dosed physical
exertion, the state of providing the body with oxygen
(VCI), indicates the state of excessive accumulation in the
muscles of structural and energy potentials that increase
their working capacity (IMIS). One of the main reasons was
associated with excess body weight, which is characterized
by girls with D-type (Dinparastisaleh et al., 2023). Such
morphological parameters negatively affect the state of
the cardiovascular system, they limit physical activity,
the consequence of which is different from the necessary
possibility of functioning of the respiratory system and, to a
certain extent, the effectiveness of the neuromuscular system
(Saha, 2014; Lopez-Sanchez et al., 2019). The period during
which the experiment took place was marked by limited
physical activity due to the epidemic of COVID-19, as well
as air alarms. In addition, to a large extent different from
the necessary volumes of physical activity were due to the
lack of mandatory physical education classes for girls. Such
activities, although only partially, increase the amount of
physical activity in girls (Piestrzynski et al., 2021).

Data at the end of the study made it possible to obtain not
only information about differences in the parameters of the
physiological characteristics of girls with different somato-
types but also a change in the parameters of these character-
istics during the study in representatives of each somatotype.
In the latter case, it was found that in the A-type no char-
acteristic changed by a statistically significant value, in the
T-type there was a deterioration of the parameters in two
characteristics (IMIS, VCI), and the detection of others at the
previously achieved level. Girls with M-type improved VCI,
girls with D-type increased DBR, but at the beginning, the
value of the indicator also corresponded to the age norm. The
main interpretation of such data is the insufficient amount of
physical activity used by the girls during the study period. It is
this reason that is identified as one of the main reasons for the
change in physiological characteristics of both girls and boys
(Zhang & Wu, 2020; James et al., 2023). At the same time,
the features present in each somatotype determined the ob-
tained results. Researchers emphasize this, in particular, they
note that the state and features of development must be taken
into account in practical activities, in particular, the features
inherent in a certain somatotype (Katzmarzyk & Silva, 2013;
Cinarli & Kafkas, 2019). One of the main reasons for the iden-
tified discrepancies lies in the unequal genetic program of the
development of body systems of a girl of a certain somatotype,
compared to representatives of other somatotypes. Such a
development program can be adjusted to a certain extent, but
only within the limits defined by it; the factors that determine
such an adjustment are physical activity, nutritional features,
etc. (Lopez-Sanchez et al., 2013; Silventoinen et al., 2021).

The results of the conducted research allow us to get
closer to solving the problem of offering each girl an adequate
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program of physical activity, the basis of which is taking into
account her characteristics. This, in turn, will contribute to
strengthening the motivation of girls to engage in physical
activity, because the volume and content of physical activity
will reflect the wishes and capabilities of each girl, and
therefore will strengthen the motivation to achieve success,
the proposed normative evaluations will be realistic to
achieve (Wiium & Safvenbom, 2019; Coimbra et al., 2021).

As for the direction of further research, we see them
in the determination of features related to the state of
development of motor qualities, and psychophysiological
indicators of girls with different somatotypes.

Conclusions

Trends in the modernization of student physical
education are largely related to its personalization and
individualization. One of the effective markers for the
practical implementation of this is somatotype. Therefore,
the study of the features that distinguish girls and boys with
different somatotypes is an extremely relevant issue.

The experimental study revealed peculiarities in the
parameters of physiological characteristics of first-year
girls with different somatotypes. At the beginning of the
study, most of the characteristics whose parameters differ
significantly (at the level of p < 0.05+0.001) were found in
the pairs of samples T-A and T-D; there were 6 of them out
of all 9 subjects. Almost the same parameters were found
in the T-M samples, except VC (better in the T-type) and
DBR (higher in the M-type). Among girls with A-type and
D-type, which are marked by extreme variants of body
composition components, the former has a better response
of the cardiovascular system to dosed physical activity, the
state of oxygen supply to the body (VCI), indicates the state
of excessive accumulation in the muscles of structural and
energy potentials that increase their working capacity (IMIS).

At the end of the study, it was found that girls with A-type
did not improve any physiological characteristics, girls with
T-type had deteriorated IMIS and VCI, girls with M-type had
improved VCI, girls with D-type had increased DBR, but at
the beginning, the value of the indicator also corresponded to
the age norm. As for the differences, they increased at the end
of the study: in each pair of samples, out of all 9 characteristics
studied, 5 differed by a statistically significant amount, except
for the pair of T- and D-types, where the difference was in
3 indicators (HR after loading, DBR, recovery time after
loading) with the advantage of T-type representatives.

To increase the effectiveness of physical education at
the university, it is advisable to differentiate it with further
personalization of the content, taking into account the
peculiarities of manifestation and changes in the parameters,
primarily psychophysiological characteristics and physical
abilities, which are characteristic of girls and boys with
different somatotypes.
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Mera FOCTil)KeHHA TI0oATaNa y BU3HAYeHHI ITapaMeTpiB (i3ionorivHnX XapaKTepyCTHK /IiBYaT i3 pi3SHUMM COMAaTOTUIIAMY,
AKMX BOHU JOCAIIN 3/iiicHIOI0uM (i3VYHy aKTMBHICTb 11032 Me)XaMI YHiBepcUTeTy B 3B’A3Ky 3 KapaHTuHOM Covid-19 ta nosi-
TPSIHUX TPUBOT Mif 4ac 6011oBuX Ailt B YkpaiHi.

Marepian Ta MeToau. Y HOC/iI)KEeHH] B35/IM y4acTb 66 nisuat 17,8 £ 0,6 poKiB, AKi Ha/leXXaay 4O Pi3HUX COMATOTUIIIB Ta He
MaJIi 3aCTePeXKeHb I[0fI0 BUKOPMCTAHHA Pi3HUX 00cATiB Qi3nyHOi aKTMBHOCTI. I/ iaTHOCTMKY COMaTOTHUITY BUKOPMCTOBYBAJIN
meroauky Itedpxo-Ocrposcebkoro y mogudixanii C. Japcpkoi. Onepxxysamy HeoOXifHi eMmipiyHi faHi 3a gornomorowo fo6pe
BifJoMMX (YHKIIIOHa/IbHUX TECTIB, 110 JO3BOIAIN BUSHAUUTI apTepialbHUI TIUCK, YACTOTY CepLeBMX CKOPOUYEHb Y Pi3HUX CUTY-
aIlisx, XXITTEBY EMHICTD JIeT€Hb, XXITTEBMII IH/IEKC, CHIOBUIL iH/eKC, iHekc PobiHcoHa. [lapamMeTpy X XapaKTE€PUCTHUK BU3HA-
Yan y fiBYaT 3 KOYKHUM i3 YJOTMPbOX HaABHMX COMATOTHUIIIB IIPOTATOM JOCTI/I)KEHH, a TAKOXX IIOPiBHIOBA/IM KO>XKHMIA ITapaMeTp
y pisHUX coMaToTuIax. TecTyBaHHA IPOBOAMIN Ha IOYAaTKY (CideHb) Ta HANIPUKIHI (TpaBeHb-4epBeHb) HABYATLHOTO CEMECTPY
ITifl 4ac OJJHOTO HaBYaIbHOTO POKY.

767



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 5

Pesynbratu. Ha moyarky, a 1ie 61/1b11010 MipOI0 HaNIPUKiHI, HABYaTbHOTO POKY, TapaMeTpy ZOCIPKYBAHIX XapaKTePUCTUK
y AiBYAT 3 KOXXHMM i3 HasBHMX COMATOTHIIB BifipisHsmicsa Mk co6oto (p Ha piBHi Biz 0.05 fo 0.000). Bukopucrani nporsarom
HaBYa/IbHOTO POKY 0OCSTY Ta yMOBY peasisarii (isiaHOI aKTMBHOCTI He IIPM3BeTI 10 CYTTEBOI 3MiHM (i3ionoriyHnx xapaxkrepuc-
THK yCiX fiB4at, TOOTO IapaMeTpy 3aIMILIINCA Ha JOCATHYTOMY paHiliie piBHi. BogHovac BifsHaumm icHyBaHHsL 0COOMMBOCTEIA,
1110 3yMOBJIEHI IIPMHA/IEKHICTIO IiBYMHM 10 IIEBHOTO COMATOTHUITY.

BucHoBku. BusiBieHHs: oco6mmBocTelt y 3MiHi mapamMeTpiB ¢i3ionorivHmnx XxapakTepUCTUK AiBYAT i3 ypaxyBaHHAM IXHIX co-
MAaTOTHIIB, € IEPCIIEKTUBHMM i BXXK/IMBMM HaIlPsAMKOM MOJiepHi3anii GpisnyHOro BMXoBaHH:A B yHiBepcuteti. OTpuMaHi faHi go-
3BOJIATD HiIBUIINTH JIi€BiCTD ITePCOHAi3allii 3MiCTOBOI Ta nM(i)epeHuiaui'i HOPMAaTHBHOI OCHOB (1)131/11{1-101“0 BUXOBAHHA JiBYaT, BU-
KOPMCTOBYIOUY LA 1[bOTO iHOPMAIIiIo IIPO BUAB i 3MiHY B HUX apaMeTpiB Pi3HUX XapaKTEePUCTUK, Y TOMY YUCII Pi3ionoriyHmx.

KnrouoBi cioBa: (bisionorqui XapaKTePUCTUKMY, liBYaTa, IepCoHali3alis, ;[M(’pepeHuiauiH, (biquHe BUXOBAaHHA, CTYJI€HTKH,
¢isnyna akruBHicTb, Covid-19.
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Abstract

Objectives. The study aimed to determine the effectiveness of implementating projects for the introduction

of adaptive sports games on the psycho-emotional state of different population groups in Poland and Ukraine.
Materials and methods. A total of 341 individuals were involved in the study: 117 children (8-12 years old),

118 middle-aged people (35-60 years old), and 116 elderly people (60 years and older). The participants of the study
were divided into two groups: those who took part in the Polish project “Academic Center of Sports and Health
Games for Activation of People with Special Needs” (56 children, 65 adults, 73 elderly people), and those who took
part in the Polish-Ukrainian project, which was conducted directly in Ukraine, “Ukrainian Center of Occupational
Therapy through Adaptive Games” (61 children, 53 adults, 44 elderly people). All study participants were engaged

in adaptive games (Cornhole, Jacollo, Elastik, Kulbutto, Boccia, Paka laka) for the first time. At the beginning and
end of the event on adaptive games, a survey of participants was conducted. To determine the psycho-emotional state
of children, the WAM method (well-being, activity, mood) was used, and the features of adults’ psychological state
were assessed using the standard test AWAMW (anxiety, working capacity, activity, mood, well-being).

Results. The analysis of the obtained study results revealed positive changes in the psycho-emotional state of different
population groups in Poland and Ukraine under the influence of adaptive sports games. Furthermore, the adult
population, including the elderly of Poland and Ukraine, demonstrated decreased anxiety levels and a significant
enhancement in activity, mood and well-being due to engaging in adaptive sports games.

Conclusions. This study emphasizes the potential of adaptive sports games to improve the mental health of different
population groups. The findings also indicate the effectiveness of implementating projects for the introduction of
adaptive games on the psycho-emotional state of different population groups both in Poland and Ukraine.
Keywords: psycho-emotional state, adaptive games, children, adults, elderly people, project.

Introduction

Prolonged isolation during the COVID-19 pandemic
has had significant mental and physical health consequences
for people around the world (Shivak et al., 2023; Veronese
et al,, 2023). People experienced fear of illness, uncertainty
about the future, and social isolation, which contributed to
worsening mental health. This was especially true for older

©  Skaliy, A., Mulyk, V., Skaliy, T., Maksymova, K., & Mulyk, K.,
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people, teenagers and those who already had mental health
problems (Alzuetaetal., 2023; Hawes et al., 2022; Wlostowska
et al., 2024). The lack of opportunity to meet with friends
and family, limited access to usual social activities, such as
going to work or participating in social events, has increased
the feeling of loneliness in many people. In turn, the decrease
in physical activity due to the restriction of movement and
the closure of gyms has led to an increase in cardiovascular
problems, weight gain, sleep disorders and nutritional
problems. All these consequences led to a deterioration in
overall physical fitness and mental state (O’Connor et al.,
2024; Dijksterhuis et al., 2022; Bogart et al., 2024).
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The problems caused by the COVID-19 pandemic have
been significantly exacerbated by the outbreak of war in
Ukraine. This dual crisis has led to a significant deterioration
in living conditions and, as a result, a decline in the health
of many Ukrainians, especially children and young people
(Chaaya et al., 2022; Lass-Hennemann et al., 2024; Riad et al.,
2022). Most suffer from conditions such as post-traumatic
stress disorder, anxiety and depression.

Ancxiety, depression and stress increase the risk of
developing post-traumatic stress disorder and complex
post-traumatic stress disorder. These conditions are
especially exacerbated by prolonged stress, such as war or
other traumatic events. The study by Kurapov et al. (2023)
showed that Ukrainians of different genders, ages and living
conditions who were directly affected by military action,
physical violence or experienced severe human suffering
had higher levels of anxiety, depression, stress and trauma-
related symptoms. At the same time, those who remained
in Ukraine had significantly lower symptoms of anxiety,
depression and stress compared to those who moved abroad,
but this raises doubt.

Therefore, it is necessary to find new and effective means
of combating the consequences of the COVID-19 pandemic
and war to preserve people’s mental health. Scientific research
pays much attention to the impact of physical activity and
sports on the mental health of people of all ages (Khan et al.,
2022; Malm et al., 2019; Hoffmann et al., 2022).

In general, providing support to war victims requires a
comprehensive approach, including medical, psychological,
social and economic assistance. This process requires the
involvement of both national and international resources, as
well as active public participation.

Jain et al. (2022) took a detailed look at the aftermath of
the Russian invasion of Ukraine, focusing on humanitarian
actions, challenges, and opportunities for the international
community in response to the crisis. The authors analyzed
the situation and measures taken by European countries and
international organizations, and offered recommendations
for effectively overcoming the challenges associated with the
war and its aftermath.

Cai et al. (2022) in their study proved the effectiveness
of international cooperation and support for refugees during
the Russian-Ukrainian war, namely overcoming the mental
health crisis among children and adolescent refugees.

Project activities can be a very effective means of psy-
chological support for the population, especially in times of
crisis, such as a pandemic or war. Project activities can be an
adaptive tool to address the specific needs of the population
in crisis situations (Tijani et al., 2024). When developing
and implementing projects, they collaborate with various
specialists, organizations and communities, which also have
a positive impact on the socialization of project participants.

Thus, this study is aimed at identifying the effectiveness
of the implementation of projects for the introduction of
adaptive games on the psycho-emotional state of different
groups of the population of Poland and Ukraine. In Poland,
the project “Academic Center for Sports and Health
Games for the Activation of People with Special Needs”
was implemented under the ministerial program “Social
Responsibility/Perfect Science”. Thanks to the transfer of
experience from Polish partners, the project “Ukrainian
Center for Occupational Therapy through Adaptive Games”

is being implemented in Ukraine within the framework of
the RITA - Region in Transition Education for Democracy
Foundation competition.

Material and Methods

Participants

A total of 341 people took part in the study: 117 children
(8-12 years old), 118 middle-aged people (35-60 years old)
and 116 elderly people (60 years and older). The study
participants were conditionally divided into two groups:
those who took part in the Polish project “Academic Center
for Sports and Fitness Games for the Activation of People with
Special Needs” (56 children, 65 adults, 73 elderly people), and
those who took part in the Polish-Ukrainian project, directly
in Ukraine, “Ukrainian Center for Occupational Therapy
through Adaptive Games” (61 children, 53 adults, 44 elderly
people). The groups were homogeneous in terms of general
characteristics, social status and health status of the study
participants. All study participants were participating in
adaptive games sports events for the first time (Cornhole,
Jacollo, Elastik, Kulbutto, Boccia, Paka laka).

Procedure

During the work of the Polish and Ukrainian centers,
a sociological survey of each participant was conducted.
Also, to determine the psycho-emotional state of children,
the WAM method (well-being, activity, mood) was used,
and the characteristics of the psychological state of adults
were assessed using the standard AWAMW test (anxiety,
working capacity, activity, mood, well-being). The study
participants were asked to fill in a standard self-assessment
card at the beginning and end of the adaptive sports game’s
session. The personality self-assessment tool is presented
as a registration form consisting of several lines (WAM -
30 lines; AWAMW - 40 lines), each of which contains two
adjectives of opposite meanings and numbers indicating the
degree of expression of each feature: 3 (strongly expressed),
2 (moderately expressed), 1 (weakly expressed).

Statistical Analysis

The research materials were processed using statistical
analysis from IBM SPSS 20. The mean values were compared
using the t-test for paired values. A 95 % confidence interval
was chosen during data processing. The level of significance
was accepted if p < 0,05.

Results

At the first stage of the study, the effectiveness of the
implementation of the Polish project “Academic Center
for Sports and Fitness Games for Activation of People with
Special Needs” was analyzed.

The indicators of the psychological state of children
after classes in adaptive sports games showed positive shifts.
Thus, during the study, significant shifts were found in the
children’s activity indicators (t = 31.723; p < 0.001) and
mood (t = 44.161; p < 0.001) (Table 1). Classes in adaptive
games also had a positive effect on well-being indicators.
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Table 1. Assessment of well-being, activity and mood (according to the WAM method) of Polish children aged 8-12 years
at the beginning and end of adaptive sports games, points (n = 56)

o Sl At thil?:gcizszing of At the end of the class |Ax| Assessment of reliability
X=*s Xz+s DM + SD t Sig. (2-tailed)

1 Well-being 345+ 7.20 50.2 £ 6.32 15.7 £ 3.98 29.429 <0.001

2 Activity 473 +6.10 62.3 £4.26 15.0 £3.54 31.723 <0.001

3 Mood 43.8+54 63.4 +4.55 19.6 £ 3.31 44.161 <0.001

Table 2. Assessment of anxiety, working capacity, activity, mood and well-being (using the AWAMW method) of the Polish
adult population (35-60 years old) at the beginning and end of adaptive sports games, points

At the beginning At the end of the

- of the class class |Ax| Assessment of reliability
X+s X+s DM £ SD t Sig. (2-tailed)
women (n = 34) 57.8 £6.51 493 +£4.19 8.5+3.34 14.832 <0.001
Ancxiety
men (n = 31) 60.4 £ 5.52 52.8 £4.61 7.6 £2.98 14.133 <0.001
women (n = 34) 27.3+£6.68 40.2 +7.56 12.9 +3.96 19.012 <0.001
Working capacity
men (n = 31) 31.2+£6.58 43.5+4.44 12.3 £4.04 16.925 <0.001
A women (n = 34) 26.4+9.15 54.6 £ 6.66 28.2 +£3.40 48.241 <0.001
ctivit
Y men (n = 31) 23.8£8.84 49.7 £ 6.96 25.9 £5.49 26.279 <0.001
Mood women (n = 34) 33.2+£5.92 50.6 +£3.70 17.4 £ 3.47 29.107 <0.001
00
men (n =31) 31.6 £ 6.02 483 +3.74 16.7 + 3.21 28.924 <0.001
women (n = 34) 24.9 £6.03 42.6 £4.22 17.7 £2.55 40.339 <0.001
Well-being
men (n = 31) 223+6.14 37.8 £5.26 15.5+2.03 42.637 <0.001

Table 3. Assessment of anxiety, working capacity, activity, mood and well-being (using the AWAMW method) of Polish
elderly people (60 years and older) at the beginning and end of adaptive sports games, points

At the beginning At the end of the

e of the dlass class |Ax| Assessment of reliability
X+ts X+ts DM £ SD t Sig. (2-tailed)

women (n = 43) 61.7 £5.53 50.1 +3.40 11.6 £2.92 25.883 <0.001
Anxiety

men (n = 30) 62.5 = 5.66 52.8 + 4.66 9.7 +£3.24 16.348 < 0.001

women (n = 43) 16.4 +7.44 28.4 +£5.49 12.0 £5.32 14.726 <0.001
Working capacity

men (n = 30) 18.8 +6.34 30.7 £ 4.19 11.9 + 4.46 14.591 <0.001

women (n = 43) 24.5+10.45 51.4 +7.60 26.9 £6.35 27.798 <0.001
Activity

men (n = 30) 22.3+8.34 48.2 +£7.06 259 +5.31 26.667 <0.001
Mood women (n = 43) 35.7+7.16 54.9 £ 5.33 19.2 £5.19 24.185 < 0.001

00

men (n = 30) 33.1 £6.37 49.8 +3.74 16.7 £4.97 18.379 <0.001

women (n = 43) 22.7+7.05 41.4 +6.05 18.7 £ 5.67 21.588 <0.001
Well-being

men (n = 30) 23.8+£6.14 40.2 £5.75 16.4 £ 4.31 20911 <0.001

Table 2 shows changes in the psychological state of
the adult population in Poland (35-60 years old) under the
influence of adaptive sports games. It was found that classes
using adaptive sports games had a positive effect on all
participants in the study, but on women to a greater extent.

Thus, women showed a greater increase in activity
indicators under the influence of adaptive sports games — by
28.2 points (t = 48.241; p < 0.001), mood - by 17.4 points
(t=29.107; p < 0.001), well-being — by 17.7 points (t =40.339;

p <0.001), and men also showed a significant improvement
in the studied indicators (p < 0.001).

Elderly people (60 years and older) showed a high
interest in adaptive sports games events in Poland. Table 3
shows changes in indicators of the psychological state of
older people under the influence of playing adaptive sports
games.

Thus, in elderly women, under the influence of adaptive
sports games, significant changes occurred in the indicators
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Table 4. Assessment of well-being, activity and mood (according to the WAM method) of Ukrainian children 8-12 years
old at the beginning and end of adaptive sports games, points (n = 61)

At the beginning of At the end of the

o ot the class class |Ax| Assessment of reliability
X+s X=+s DM + SD t Sig. (2-tailed)

1 Well-being 31.6 £7.27 49.8 £5.10 18.2 £ 3.49 40.644 <0.001

2 Activity 43.9 +7.37 64.5 £ 5.44 20.6 £3.26 49.405 <0.001

3 Mood 39.4 £5.49 62.7 £3.48 233 +£2.79 64.928 <0.001

of activity (t =27.798; p < 0.001), mood (t = 2.55; p < 0.001),
well-being (t = 21.588; p < 0.001) and anxiety (t = 25.883;
p < 0.001). In elderly men, reliable shifts were obtained
in the indicators of activity (t = 26.667; p < 0.001), mood
(t=18.379; p < 0.001) and well-being (t = 20.911; p < 0.001).

Thus, it can be concluded that adaptive sports games had
a positive impact on the psychological state and well-being
of Polish residents. A survey of participants on their well-
being at the beginning and end of sports events on adaptive
games also revealed positive changes in respondents.

During the observation of the participants of the events,
an interesting fact was revealed that those who had illnesses
and disabilities stopped experiencing internal barriers: fear,
shame, rejection by society. It is also worth noting the posi-
tive changes in the control over emotions and stress. Most re-
spondents noticed a decrease in conflict situations, especially
on the part of those who caused these conflicts. At the end of
the sports event with adaptive games, respondents felt an im-
provement in their mood and noticed that they had become
more open to communication. Most respondents noted that
they liked this type of motor activity and were interested in
learning new knowledge and skills. Thus, we can state the
positive impact of adaptive sports games on well-being, as
an element of quality of life, of different population groups.

In connection with the successful implementation of this
project and the confirmed effectiveness of the use of adaptive
games to improve the quality of life of the population, an appli-
cation was submitted and won the project within the competi-
tion “RITA - Przemiany w regionie” RITA - “Region in Transi-
tion” Education for Democracy Foundation called “Ukrainian
Center for Occupational Therapy Through Adaptive Games’.

The project aims to implement Polish experience in the
field of occupational therapy by means of adaptive games
in Ukraine by opening 3 Ukrainian occupational therapy
centers in partner universities of Lviv, Rivne and Kharkiv. The
activities of the centers are aimed primarily at temporarily
displaced persons of all ages, gender and physical abilities,
including people with disabilities.

In the study of the impact of adaptive sports games,
children from Ukraine showed reliable (p < 0.001) changes
in all indicators of psychological state (Table 4).

Thus, the greatest changes were obtained in mood
indicators, which improved by 23.3 points (t = 64.928;
p <0.001), the level of well-being increased by 18.2 points (t=
40.644; p < 0.001), and activity — by 20.6 points (t=49.405;
p < 0.001). The obtained data indicate a positive impact of
adaptive games on the psycho-emotional state of children
from Ukraine, which is especially important during wartime.

Also in Ukraine, a study was conducted on the level
of social adaptation of children aged 8-12 during martial
law. Under the influence of adaptive sports games, changes

occurred in the social adaptation of children in both groups.
Figure 1 shows the distribution of children by level of social
adaptation at the beginning and end of adaptive sports
games.

%
90

80 76.9%
70 65,7%
0
60 57,1% 53.8%
50
" 38,5%
28,6% 31.4%

30 23,1%
20 14,3%
10 50, 7.1% I

0

group 1 group 1 group 2 group 2
before class after class before class after class
Levels of social adaptation: = low m average high

Fig. 1. Distribution of children by level of social adaptation at the
beginning and end of adaptive sports games: group 1 - children
who were forced to change their permanent place of residence
during the war due to danger to life (n = 35); group 2 - children
who did not change their permanent location (n = 26)

Thus, the number of children in group 1 with a low level
of social adaptation at the beginning of adaptive sports games
was 28.6% (10 children), and at the end - 2.9% (1 child).
At that time, the number of children with a high level of
social adaptation increased significantly: 14.3% (5 children)
were found to be engaged in adaptive games, after - 65.7 %
(23 children). Similar changes in the level of social adapta-
tion occurred in children from group 2, that is, the number
of children with a high level of adaptation increased sig-
nificantly due to those with an average and low level at the
beginning of the activities, and children with a low level of
social adaptation were not identified at all after the activities.

The obtained data indicate a positive impact of
even short-term adaptive games on the mental state and
social adaptation of children, which primarily confirms
the effectiveness of the implementation of this project in
Ukraine, which is aimed at reducing negative phenomena
during resettlement, the emergence of depression, anxiety
and building connections and integration.

Adaptive sports games also affected the psycho-
emotional state of the adult population of Ukraine. Table 5
presents the results of self-assessment of the level of anxiety,
performance, activity, mood and well-being of mature
Ukrainians (35-60 years old) at the beginning and end of
adaptive sports games.

Thus, under the influence of adaptive classes, women
improved their anxiety scores by 17.5 points (t=23.018;
p<0.001), activity by 21.3 points (t = 18.726; p<0.001) and
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Table 5. Assessment of anxiety, working capacity, activity, mood and well-being (according to the AWAMW method) of
the adult population of Ukraine (35-60 years old) at the beginning and end of adaptive sports games, points

At the beginning At the end of the

e of the class class |Ax| Assessment of reliability
Xz+s X+s DM + SD t Sig. (2-tailed)
women (n = 28) 63.1+7.13 45.6 +4.83 17.5 +4.02 23.018 <0.001
Anxiety
men (n = 25) 61.8 £ 6.49 47.3 £ 3.66 14.5+3.95 18.336 <0.001
women (n = 28) 28.5+7.45 41.2+5.29 12.7 + 4.38 15.315 <0.001
Working capacity
men (n = 25) 30.4 £6.36 41.8 +3.73 11.4 +4.01 14.260 <0.001
Activi women (n = 28) 24.8 +8.58 46.1 £ 6.03 213 £6.02 18.726 <0.001
ctivit
Y men (n = 25) 22.6 +7.28 43.5 +6.44 20.9 £5.05 20.683 <0.001
Mood women (n = 28) 314 +7.16 49.7 £ 3.86 18.3+4.82 20.004 <0.001
00
men (n = 25) 29.4 +6.25 47.7 +4.07 18.3 +3.97 22.963 <0.001
women (n = 28) 25.3 £ 6.66 39.2£5.30 13.9 £4.82 15.235 <0.001
Well-being
men (n = 25) 23.1 £6.48 36.4 +5.05 13.3 +4.41 15.091 <0.001

Table 6. Assessment of anxiety, working capacity, activity, mood and well-being (using the AWAMW method) of elderly
people in Ukraine (60 years and older) at the beginning and end of adaptive sports games, points

At the beginning At the end of the

e of the dlass class |Ax| Assessment of reliability
X+s X+s DM + SD t Sig. (2-tailed)
women (n = 26) 75.8 £8.61 52.3+7.13 23.5+4.20 28.530 <0.001
Ancxiety
men (n = 18) 80.4 £ 9.62 56.8 £ 6.11 23.6 £6.25 16.084 <0.001
women (n = 26) 15.6 £6.15 29.5+£5.52 13.9 £2.87 24.743 <0.001
Working capacity
men (n = 18) 17.4 £6.32 30.4+£5.93 13.0 £2.89 19.102 <0.001
A women (n = 26) 23.7£8.16 483 +7.70 24.6 £4.70 26.661 <0.001
ctivit
Y men (n = 18) 21.5+7.69 44.1 £6.90 22.6 +2.83 33.882 <0.001
Mood women (n = 26) 324+7.63 51.6 £6.18 192 +£4.71 20.751 <0.001
00
men (n = 18) 30.7 £7.32 48.4+4.93 17.7 +2.84 26.307 <0.001
women (n = 26) 20.4 £ 6.49 38.6 £5.21 18.2+4.11 22.609 <0.001
Well-being
men (n = 18) 19.8 £5.78 36.9 £5.16 17.1 £2.17 33.469 <0.001

mood by 18.3 points (t = 20.004; p < 0.001). Along with this,
men significantly improved their anxiety scores by 14.5 points
(t = 18.336; p < 0.001), activity by 20.9 points (t=20.683;
p<0.001) and mood by 18,3 points (t = 22.963; p < 0.001).

In men and elderly women from Ukraine, significant
changes were obtained for all indicators except working
capacity (Table 6). Anxiety indicators in women decreased
by 23.5 points (t = 28.530; p < 0.001), in men - by 23.6 points
(t=16.084; p < 0.001). In women, the activity level increased
by 24.6 points (t = 26.661; p < 0.001), mood - by 19.2 points
(t = 20.751; p < 0.001) and well-being - by 18.2 points
(t=22.609; p < 0.001). Men also showed improvements in
activity indicators - by 22.6 points (t = 33.882; p < 0.001),
mood - by 17.7 points (t = 26.307; p < 0.001) and well-being
- by 17.1 points (t = 33.469; p < 0.001).

Dicussion

This study aimed to evaluate the effectiveness of the
implementation of projects for the introduction of adaptive
games on the psycho-emotional state of mental health of

different groups of the population of Poland and Ukraine.
The main conclusion showed that participation in events on
adaptive sports games had a positive effect on such indicators
of the psycho-emotional state (well-being, activity, mood,
working capacity and anxiety) of different groups of the
population, both in Poland and Ukraine.

Psycho-emotional state is one of the key components
of mental health. Chronic negative psycho-emotional state,
such as constant stress, anxiety or depression, can negatively
affect mental health, leading to the development of mental
disorders (Polikanova et al., 2020). The current study and its
results confirm the data of preliminary studies on the impact
of sports activities on the mental health of people of all ages.

A study by Paluska et al. (2020), found that physical
activity plays an important role in the treatment of mild to
moderate mental illness, especially depression and anxiety.
Results from a study by Eather et al. (2023), showed that
participation in any sport (team or individual) is beneficial
for improving mental health and social outcomes among
adults. At the same time, team sports provide more powerful
benefits for mental and social outcomes in adulthood.

773



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 5

Therefore, the implementation of a completely new
approach to mental rehabilitation and socialization of
different groups of the population, including people with
special needs, occurred due to the use of adaptive games,
which allowed developing new skills and integrating into
social life through sports events. The main goal of adaptive
sports games for different groups of the population is: solving
compensatory and preventive problems; improvement of
educational and health-improving functions. The main goal
of the projects was the popularization of adaptive sports
games among different groups of the population, including
people with special needs, in order to achieve their social
and psychological rehabilitation and adaptation.

Active leisure time spending through adaptive games is
aimed at enriching and strengthening the social integration
of people, including those with disabilities, while focusing on
passive and unmotivated leisure reduces their overall vitality
and contributes to deepening social isolation. Therefore, one
of the important tasks of the project is the psychological
guidance of people to get out of a static state, which for some
has become a habit during the COVID-19 pandemic in the
world and martial law in Ukraine. The principle of mental
comfort is characterized by the creation of an atmosphere
of relaxation and trust in the process of social and
psychological rehabilitation and adaptation, which, based on
internal motives, will stimulate people’s activity. These data
are confirmed by the study by Mulyk et al. (2024), which
proved the effectiveness of using adaptive sports games on
the psycho-emotional state and sensorimotor response of
military personnel undergoing rehabilitation.

Currently, WAM and AWAMW methods are widely used
in scientific research to determine the psycho-emotional
state of individuals of all ages. The use of the WAM method
is presented in the study by Romualdas et al. (2013), which
presents the characteristics of well-being, activity, mood and
optimism of adolescents involved in sports. The study by
Polikanova et al., 2020 highlights the well-being, activity and
mood of wrestling athletes under the influence of intense
physical activity. The AWAMW method is presented in the
works of Podrigalo et al. (2014) and Imas et al. (2021). This
method was used in the study of Mulyk et al. (2024), which
determined the psychological state of military personnel
undergoing rehabilitation. The results show that the WAM
and AWAMW methods make it easy to assess the psycho-
emotional state of people of all ages. Therefore, the AWAMW
method was used to determine the influence of engaged in
adaptive games on the psycho-emotional state of the adult
population, and the WAM method was used for children.
This allowed us to obtain informative data on the assessment
of anxiety, performance, activity, well-being and mood of the
participants in the Polish and Ukrainian projects.

The use of adaptive games in Poland allowed children
aged 8-12 years to increase their levels of well-being, activity
and mood. At the same time, for the adult population (35-
60 years old), engaging in adaptive games had a positive effect
on the manifestation of activity, improving mood and well-
being. Also, elderly people (60 years and older) significantly
improved their anxiety, activity, mood and well-being
indicators under the influence of adaptive games. Adaptive
games implemented in Ukraine also allowed to positively
influence people of different ages. Due to the event held on
adaptive sports games, children aged 8-12 years improved

their well-being, activity and mood indicators. Thanks to
adaptive sports games, the adult population of Ukraine,
including the elderly, has seen a decrease in anxiety levels
and a significant increase in activity, mood and well-being.

Therefore, it can be stated that participation in the event
using adaptive sports games had a positive effect on the
psycho-emotional state of different groups of the population.
At the same time, in our opinion, long-term training in
adaptive sports games will form stable and high indicators
of well-being, activity, mood, performance, and will also be
reflected in a significant decrease in anxiety. Which is very
important in the adaptation of the body to the stabilization
of the psychological state of people.

Conclusions

This study highlights the potential of adaptive sports
games to improve mental health of different population
groups. The results also indicate the effectiveness of the
implementation of projects to introduce adaptive games on
the psycho-emotional state of different population groups
both in Poland and Ukraine.
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Abstract

Background. The process of including special students in the school system has prompted a comprehensive
examination of strategies to ensure equity in school justice, the quality of learning, and the harmonious development
of students’ potential. The efficacy of these strategies is contingent upon the life experiences and medical backgrounds
of the educators in question.

Objectives. The study aimed to evaluate the extent to which personal and family medical histories impact teachers’
sense of pedagogical competence (TSPC) and their knowledge (TK) of students” physical activity management.
Materials and methods. The methodology entailed the distribution of an online questionnaire to 339 physical
education and sports (PE) teachers, comprising 159 females and 180 males over the age of 21, employed in public
schools at the high school and middle school levels. The measurement instrument consisted of four sections: socio-
demographic characteristics, personal and family background, sense of pedagogical competence, and teacher
knowledge.

Results. The findings indicate a notable prevalence of diseases such as obesity and diabetes in males compared to
females, with a significant predominance in older people. It is demonstrated that gender has a particular influence on
TSPC and TK in managing hypertensive students. Furthermore, older teachers and those employed in urban settings
tend to exhibit greater self-efficacy, despite the absence of a statistically significant association between their initial PES
training and TSPC and knowledge outcomes. There is a positive correlation between TSPC and teacher knowledge.
Conclusions. To sum it up, older teachers are more susceptible to developing illnesses such as diabetes, hypertension,

and obesity. This medical history has a significant impact on the development of inclusive skills and knowledge of

school-related pathologies.

Keywords: medical history, teaching skills, teachers’ knowledge, inclusive physical education, inclusive pedagogy.

Introduction

The teacher plays a pivotal role in the implementation
of inclusive education programs. The teacher serves as the
foundation for a multitude of interventions and initiatives,
designed to benefit all students in the class and to ensure their
comprehensive right to education, teaching, and learning.
The teacher is responsible for implementing the educational
program, maintaining regular and consistent interaction
with students, and monitoring their academic and training
progress within the school environment (Direction des

© Ben Rakaa, O., Bassiri, M., & Lotfi, S., 2024.
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Curricula, 2019). The process of school inclusion for students
with pathologies has prompted reflection on the strategies
employed within this framework and the benefits derived
by each student. To ensure access to mainstream education,
it is imperative to establish an accessible environment,
conditions that facilitate inclusive teaching and learning, and
content that is both accessible and adapted to students’ needs
(Direction des Curricula, 2019). In order to accomplish this,
it is essential to enumerate the diverse educational agents
that are implicated in this process (Decision of the Minister
of National Education No. 047_19 on the Inclusive Education
of Pupils and Pupils with Disabilities, 2019).

The implementation of an effective and inclusive
pedagogical approach for students with special needs within
the context of mainstream education, including physical
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education and sports, necessitates the involvement of a
diverse range of stakeholders. These include administrative
and teaching staff, educational inspectors, tutoring and
support professionals, parents, and the broader community
(Almeida-Verdu et al., 2002; Benitez & Domeniconi, 2015;
Direction des Curricula, 2019). Inclusive pedagogical
practice in PES enables the establishment of equity in
terms of school justice, the quality of learning, and the
global and harmonious promotion of students’ potential,
encompassing physical, emotional, moral, and cognitive
development (CSEFRS, 2015), furthermore, an individual’s
life experiences and medical history also influence this
phenomenon (Anderson, 2006). Teachers of the disabled
contribute knowledge that is not typically included in the
conventional curriculum, and they illuminate aspects of
education that are frequently overlooked. As they embody
pedagogical approaches that prioritize school justice,
interdependence, and respect for diversity, they challenge
the status quo and advocate for more inclusive and equitable
educational practices (Anderson, 2006).

While studies have shown that there is a notable
difference in the participation of students with special
educational needs in physical sports activities (Ben Rakaa
et al., 2024a), as their inclusion in classes is significantly
influenced by their teachers’ perceptions and their sense
of pedagogical competence in inclusive physical education
(Ben Rakaa et al., 2024b).

In light of these considerations and the growing
prevalence of chronic illnesses, particularly asthma (19 %),
diabetes (3.2 %), hypertension (0.4 %) (Ministére de la Santé
et de la Protection Sociale, 2018b), obesity (14 %), and
overweight (8 %) in children, it is imperative to examine
the potential impact of these conditions on pediatric health
(Ministere de la Santé et de la Protection Sociale, 2018a). It
could be argued that a body’s medical history functions as
a valuable and distinctive pedagogical tool. Are educators
merely conduits of knowledge and “talking heads”, or do
bodies also educate through their medical history? This
topic has piqued our interest, and we are particularly
intrigued to ascertain the extent to which medical history
(personal and familial) influences teachers’ sense of
pedagogical competence and knowledge of physical activity
(PA) management towards special students, in particular
those with diabetes, asthma, hypertension, obesity, and/or
overweight. The objective of this study is to demonstrate the
impact of PE teachers’ personal and familial backgrounds on
their pedagogical competence and knowledge of inclusive
physical education in an educational setting.

Materials and Methods

Study Participants

The participants in this study were recruited via
mailing lists provided by the Beni Mellal-Khénifra Regional
Directorate of the Ministry of National Education, Preschool
and Sports. Subsequently, the participants were informed
via email and WhatsApp messages that their involvement
in the study was entirely voluntary and that the findings
would be disseminated. A total of 339 physical education
and sports teachers employed in public schools consented
to participate in the research, with a slight majority of male

respondents (53.10 %) compared to female respondents
(46.90%). The majority of participants were within the 21-
39 age bracket, with 35.40 % of individuals falling within
the 21-29 age range and 28.61 % within the 30-39 age range.
The proportion of participants aged 40-49 was 14.16 %,
while those over 50 represented 21.83 % of the sample.
The participants’ professional experience is diverse, with a
notable representation in the “Less than 5 years” (31.86 %)
and “6 to 10 years” (28.61 %) categories. The sample
comprises 14.16 % of participants with between 11 and
15 years of experience and 25.37 % with over 15 years of
experience. Of the teachers surveyed, 43.07 % (n = 146)
indicated that they work in urban areas, 28.61% (n = 97)
in rural areas, and 28.32% (n = 96) in peri-urban areas.
Nevertheless, 53.39 % (n = 181) of the respondents indicated
that they work in college secondary schools, while 46.61 %
(n = 158) reported working in qualifying secondary schools.

Measuring Instrument

A panel of five experts in the field conducted a
comprehensive and meticulous assessment of the
questionnaire, offering constructive feedback and
recommendations pertaining to its relevance, clarity, and
the suggestions provided. The online questionnaire was
distributed to teachers via email and WhatsApp with the
aim of recruiting participants for our study. Participation
in this research was entirely voluntary. The instrument is
divided into four sections. Section 1 pertains to participant
characteristics, including gender, age, experience, work
area, and cycle. Section 2 addresses personal and family
medical history, specifically controlled and uncontrolled
chronic pathology. Section 3 focuses on teachers’ feelings of
pedagogical competence as measured by the TSPC. Part 4
pertains to the teachers’ knowledge (TK) of school pathologies
and the management of special students in adapted physical
activity as part of PE lessons among. The items in the final two
sections are presented on a 5-point Likert scale. Cronbach’s
alpha for the scales measuring pedagogical competence and
knowledge was 0.85 and 0.88, respectively.

Statistical Analysis

The collected results were subjected to statistical analysis
using the SPSS software, version 27.0.1.0. Firstly, a descriptive
analysis was conducted to ascertain the characteristics of
the sample and its history. This was followed by a Chi2 test
between the medical history and the age and experience of
the participants, with the objective of examining whether
there was a difference between the two. Subsequently, a one-
factor ANOVA test was conducted to ascertain whether
socio-demographic characteristics and medical history exert
an influence on TSPC and TK in relation to physical activity
management, for each condition. Fourthly, a correlation was
established between medical history and TSPC and TK.

Results

Prevalence of personal and family medical history
among PE teachers.

Table 1 illustrates that diabetic antecedents (33.64 %)
are the most prevalent among the other diseases reported by
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Table 1. Difference and prevalence of medical history according to gender, age and experience

Gender X
Medical history Female Male %/N .
n (% relatif) (% relatif) n (% absolute) EEMiGe  Agp ETERENS

Diabetes 14 (18.92%) 60 (81.08 %) 74 (33.64 %) 000 .000 .000
Obesity / Overweight 0 (0.00 %) 48 (100 %) 48 (21.82%) .000 .000 .000
Personal Asthma 14 (22.58 %) 48 (77.42%) 62 (28.18%) .000 .000 .000
High Blood Pressure 12 (33.33 %) 24 (66.67 %) 36 (16.36 %) NS .000 .000

Total 40 (18.18%) 180 (81.82%) 220 (100 %) - - -
Diabetes 36 (75.00 %) 12 (25.00 %) 48 (25.00 %) .000 .000 .000
Obesity / Overweight 12 (25.00 %) 36 (75.00 %) 48 (25.00 %) .000 .000 .000
Family Asthma 36 (60.00 %) 24 (40.00 %) 60 (31.25%) .010 .000 .000
High Blood Pressure 12 (33.33%) 24 (66.67 %) 36 (18.75 %) NS .000 .000

Total 96 (50.00 %) 96 (50.00 %) 192 (100 %) - - -

Significance p < .05, NS. not significant

the participants. Hypertension is the most common disease
among these teachers. Additionally, personal antecedents are
more prevalent among men, while family antecedents are more
common among women. Significant variations were observed
between gender, age, and experience in the majority of cases.

Influence of medical history on feeling of pedagogical

(TSPC) and knowledge (TK) in managing various disease
types (diabetes, asthma, hypertension, and obesity) in the
context of physical activity (PA), as a function of variables
such as gender, age, place of work, and training cycle.
Teachers over the age of 40 tend to report higher levels of
competence and training than their younger counterparts.
These discrepancies are particularly evident with regard

to the management of diabetic, hypertensive, and obese
students in the context of physical activity. Furthermore, the
cycle and zone of instruction exert a significant influence on
TSPC and TK.

competence and teacher knowledge

Table 2 illustrates the mean values and standard
deviations of teachers’ sense of their pedagogical competence

Table 2. Effect of socio-professional factors on TSPE and TK in relation to the management of physically active students

Variable Gender ANOVA = ANOVA Overall Work Work Basic
Female Male <40 years >40 years Area cycle Training

TSPC - Diabetes management in PA 2,56 £ 1.30 2.88+1.40 .028 2.29+1.13 3.52+1.39 .000 2.73+1.36 .004 .000 NS
TSPC - Asthma management in PA 256+1.41 272+146 NS 255+1.38 2.80+153 NS 264+144 .027 .000 NS
TSPC - Hypertension management in PA 2.01 £ 1.17 2.37£1.40 .012 1.99+1.11 258+1.53 .000 220+1.31 .037 .000 .000
TSPC - Obesity management in AP 450+0.28 441+028 .002 447+0.29 442+027 NS 445+028 .020 NS .039
TK - Diabetic management in AP 242+145 285+1.49 .008 216+125 353+1.46 .000 2.65+1.48 .001 .000 NS
TK - Asthma management in PA 251+150 2.74+146 NS 250+143 287+155 .030 263+148 .001 .000 NS
TK - Hypertension management in PA 2,02 +1.16 2.35+1.44 .021 2.02+1.12 251£1.60 .001 2.19+133 NS .000 .000
TK - Obesity management in PA 247+1.02 280+1.13 .006 233+093 320+1.13 .000 2.64+1.09 .000 .000 NS

All data are written as mean + standard deviation (SD), TSPC. Teachers’ sense of pedagogical competence, TK. Teachers’ knowledge, AP. Physical
Activity, p <.05. Significant, NS. Not Significant

Table 3. Effect of personal and family antecedents on TSPC and TK in relation to the management of students in physical activity

Personal medical history Family medical history

Variable ANOVA ANOVA
No Yes Total No Yes Total
TSPC - Diabetes management in PA 221+1.06 458+034 273+£136 .000 246+128 438+0.28 2.73+1.36 .000
TSPC - Asthma management in PA 220+1.22 460+020 2.64+144 .000 2.24+1.27 450£0.16 2.64+1.44 .000
TSPC - Hypertension management in PA 1.88 £0.96 4.92+0.12 220+ 1.31 .000  1.94+1.12 442+024 220+1.31 .000
TSPC - Obesity management in AP 446 +0.27 4.38+0.36 4.45+0.28 NS 4.45+0.28 445+032 445+028 NS
TK - Diabetic management in AP 2.09+1.16 4.66+0.24 2.65+1.48 .000 2.35+1.38 4.47+0.35 2.65+1.48 .000
TK - Asthma management in PA 2.18+£1.24 4.67+0.17 2.63+£148 .000 2.23+1.31 453+0.17 2.63+1.48 .000
TK - Hypertension management in PA 1.87 £0.98 4.96+0.06 2.19+1.33 .000 1.92+1.12 450+0.10 2.19+1.33 .000
TK - Obesity management in PA 2.67+1.14 250+0.74 2.64£1.09 NS 2.63+1.14 2.70+0.71 2.64+£1.09 NS

All data are written as mean + standard deviation (SD), TSPC. Teachers’ sense of pedagogical competence, TK. Teachers” knowledge, AP.
Physical Activity, p < .05. Significant, NS. Not Significant
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Table 4. Correlation between medical history with TSPC and with TK in relation to the management of PA students at school

16

11 12 13 14 15

10

Variables

1 TSPC - Diabetes management in PA
2 TSPC - Asthma management in PA

No

1

-.137*

1

-.124*

123%
.073

3 TSPC - Hypertension management in PA
4 TSPC - Obesity management in AP
5 TK - Diabetic management in AP

-.04

-.198**

737041 2797 -.02

-.014
.044

=223 -253%* 183 1

813
-.260%*

6 TK - Asthma management in PA

-.355%* 1

214%*
.802%*

.021
-.204%*
-.016
-.067

.938**
.072
.044
.072

7 TK - Hypertension management in PA

1

-.059

.703**

541%%
.046
-.075

.506**

8 TK - Obesity management in PA

9 PMH. Diabetes

596 1
.016

-.172%*
.092

.253**

.595%*
.017

.648**
.03

.031

.188**

.635%*
-.172%*
-.180**

10 PMH. Obesity/Overweight

11 PMH. Asthma

5410 452%¢ 071
.096

-.081

-.509**

214%*
-.03

578 -.308%*  -.300**
=211+

-.129*
-.001

.074
-.016

-163** 1
-.192%*
-.192%*
-.219%*
-.163**

.190**
-.165%*
-.165%*
-.188**
-.140%*

.546**

-.141%*
-.076

547%*

12 PMH. Hypertension
13 FMH. Diabetes

-.140%* 1
-.140**
-.160**
-.119%

-.215%*
-.215%*
-.245%*

239
.073

247**
.093
-.002

A461%*
-.014
-.014

112%
-.019
-.06

A412%*
-.176**
-.162%*
-.032

1

.126%
.078

.045

.003

.01
-.049

14 FMHObesity/Overweight

15 FMH. Asthma
16 FMH. HTA

344 1
.190**

.292%*
-.031

.496**

-.134*

.508**
-.061

141%*1

.190**

A416%* -.182**
*p>.01,** p>. 05, TSPC. Teachers’ sense of pedagogical competence, TK. Teachers’ knowledge, PMH. Personal medical history, FMH. Family medical history

.108*

430%*

Table 3 examines the influence of teachers’ personal
and family histories on TSPC and TK in terms of student
PA intake. The results demonstrate significant discrepancies
between teachers personal and familial histories, particularly
those with a history of diabetes, asthma, and hypertension.
Teachers with a personal and/or family history will
demonstrate a high level of confidence in teaching physical
activities to students with pathologies.

Relationship between personal and
family history with TSPC and TK

Table 4 illustrates the correlation between medical
history and two pivotal variables: teachers’ sense of
pedagogical competence (TSPC) and their knowledge of
physical activity (PA) within an educational context. The
results demonstrate significant correlations (p <0.05),
including positive associations between personal history
of diabetes (r = 0.648; p < 0.05) and obesity/overweight
(r = 0.030; p > 0.01) with TSPC and TK. Furthermore, a
robust correlation was identified between family history of
asthma (r = 0.508; p < 0.05) and hypertension (r = 0.430;
p < 0.05) and TK. Conversely, TSPC was found to be
significantly correlated with TK.

Discussion

This research shows that men suffer from more patholo-
gies than women, including diabetes 27 %, obesity 21.92 %,
asthma 21 %, hypertension 16.38 %. However, the onset of
pathologies in this study is significantly correlated with age
progression. This indicates that individuals in their fourth
decade oflife and beyond are at an elevated risk of developing
metabolic disorders, including diabetes and obesity, as well
as cardiovascular pathologies such as hypertension. Prior re-
search has yielded comparable findings, indicating a notable
correlation between age and the prevalence of obesity, diabe-
tes, and hypertension. A cross-sectional study conducted in
four regions of low- and middle-income countries revealed
that both BMI and waist circumference were reasonable pre-
dictors of the prevalence of diabetes and hypertension. Fur-
thermore, there was a linear age-dependent trend for BMI
and diabetes in men, as well as a linear age-dependent trend
for waist circumference prevalence ratio. Point estimates for
both types of obesity were greater in women than in men be-
tween the ages of 20 and 34. However, no statistically signifi-
cant differences were observed in any other age group (Patel
et al, 2016). A further study conducted in Saudi Arabia cor-
roborated these findings (Al-Sumaih et al., 2020). However,
a high BMI was linked to a heightened incidence of cogni-
tive disorders in the elderly, irrespective of age, sex, diabetes,
and hypertension (Feinkohl et al., 2018). Similarly, a study
conducted in Japan demonstrated that diabetes and dyslipid-
emia are obesity-related comorbidities that contribute to the
development of cardiovascular disease (Yamada et al., 2023).

As posited by Bandoura, competence is defined as the
individual’s conviction in their capacity to orchestrate and
execute the requisite action plan to achieve the desired out-
comes (Bandura, 2003), while the term “self-efficacy” is used
to describe a person’s confidence in their ability to succeed
in a specific task or situation (Bandura, 2007). The construct
of self-efficacy plays a mediating role in the relationship be-
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tween competence and performance. This implies that de-
spite possessing the requisite competencies to accomplish
a task, an individual will not attain optimal outcomes un-
less they possess self-efficacy, or confidence in their abilities
(Brown & Lent, 1996). While inclusive pedagogical compe-
tencies correspond to the fact that a teacher has acquired
certain skills, knowledge, sense, and attitudes that enable
him or her to work successfully in an inclusive classroom,
including the implementation of differentiated pedagogy for
diverse learners, flexible schedules, and the use of technol-
ogy (Dingle et al., 2004), valuing the diversity of learners,
supporting all students, collaborating with others, and pro-
moting ongoing personal and professional growth (Nimante
& Kokare, 2022). The inclusive classroom is complex, re-
quiring a variety of pedagogical skills to promote successful
learning and well-being for all children. In these classrooms,
teachers face the daily challenge of meeting the educational
needs of students and ensuring quality learning and personal
development for every child, regardless of their situation.
Therefore, inclusive teaching is not limited to traditional
pedagogical skills, but positive sense of inclusive education
are a precursor for teachers to be more open (Sharma et al.,
2018), because these skills are the foundation for optimal
self-efficacy and continuous development to achieve de-
sired professional standards in teaching (McNeil et al., 2017;
Pedersen et al.,, 2014). In the same vein, a study has shown
that older teachers may have accumulated more experience,
which allows them to develop more solid professional skills,
particularly in classroom management and content adapt-
ability, leading to better educational inclusion of all students,
regardless of their situation (Darling-Hammond & Brans-
ford, 2005; Hargreaves & Fullan, 2012), which confirms the
results shown in the present study, where older teachers and
those teaching in urban areas tend to feel more competent,
despite their basic training in teaching physical education
have no significant effect on TSPC and TK in relation to sev-
eral diseases including, diabetes, asthma and obesity.

On the other hand, prolonged service without ongoing
professional development and reflection can lead to
ingrained pedagogical habits that make it difficult to meet
the educational needs of students with chronic pathologies
(Guskey, 2002). However, the different regions with varying
access to training programs, specialized equipment and
support staft for inclusive physical education have a direct
impact on teacher training (UNESCO, 2015), as well as
teachers’ familiarity with the particular challenges and
needs of students in their local context also influences their
inclusion strategies (Tsui, 2009). While gender in our study
only influenced TSPC and TK in teaching PE to asthmatic
students, TK in school pathologies and TSPC in management
were significantly correlated with teachers’ medical, personal
and family history. However, teachers with disabilities are
not only able to teach students, but also to teach students
about disability (Hayashi & May, 2011; Pritchard, 2010).
The researchers also found that having an ESH teacher
recognized as an expert in his or her field contributed more
to the development of positive attitudes toward people
with ESH than did exposure to disability in other scenarios
(Hayashi & May, 2011; Ware et al., 2021). Others have found
that, from a capability approach perspective, it’s proven
that those who are ESH have the freedom to explore their
capabilities, they see themselves as competent teachers.

Of course, it’s also the case that students learn more from
teachers with a medical background simply because it’s a
new and novel experience for them, one that elicits a more
desirable response (Bryant & Curtner-Smith, 2008).

Conclusions

In conclusion, the results of our study indicate that men
are more susceptible than women to developing diabetes
(27 %), obesity (21.92 %), asthma (21 %), and hypertension
(16.38%). It is noteworthy that a significant correlation was
observed between the incidence of these diseases and age.
This indicates that individuals over the age of forty are at
an elevated risk of developing metabolic diseases, including
diabetes, obesity, and hypertension. Moreover, our findings
illustrate that educators are not merely disseminators of
knowledge; their individual and familial medical histories
exert a considerable influence on their sense of pedagogical
competence and their understanding of how to address
the needs of students with chronic conditions in physical
education (PE) classes. The findings of this study illustrate
the significant influence that personal and family medical
histories have on the pedagogical approach of PE teachers in
the context of teaching inclusive physical education. It should
be noted that this study is not without its limitations. Firstly,
the risk of self-report bias may limit the generalizability of
the results, as teachers with a particular interest in chronic
illness may be overrepresented. Secondly, self-report of
medical history may be subject to recall or social desirability
bias. In conclusion, the generalizability of the study is
constrained by its focus on physical education teachers in
public schools in the Beni Mellal-Khénifra region.

Acknowledgment

We would like to express our deep gratitude to the
Regional Directorate of the Ministry of Health and Social
Protection, the Regional Directorate of National Education
in Beni Mellal-Khenifra, the Royal Moroccan Federation
of Sports for Persons with Disabilities, and the Regional
Directorate of Solidarity, Equality and Social Development in
Khouribga, in charge of promoting the rights of persons with
disabilities. Their generosity in granting essential permits
was crucial to the success of our project. Their invaluable
support facilitated the implementation of our projects. We
are deeply grateful for their cooperation and trust. The
permissions provided by these esteemed partners allowed us
to navigate the complexities of our research with confidence.
Their commitment to advancing research and fostering
collaboration has had a lasting impact on our project.

Conflict of Interest

If the authors have any conflicts of interest to declare.

References

Direction des Curricula. (2019). Leducation inclusive au profit
des enfants en situation de handicap : Guide pour les
enseignants. https://www.men.gov.ma/Ar/Documents/dc/
guide-enseignants-fr.pdf

Decision of the Minister of National Education No. 047_19
on the Inclusive Education of Pupils and Pupils with

781



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 5

Disabilities (2019). https://www.men.gov.ma/Fr/Pages/
ListeActualites.aspx

Almeida-Verdu, A. C. M., Fernandes, M. C., & Rodrigues, O.
M. P. R. (2002). A inclusdo de pessoas com necessidades
educativas especiais: implementagio de praticas
inclusivas e aspectos de planejamento educacional.
Interagdo Em Psicologia, 6(2).
https://doi.org/10.5380/PSI1.V612.3310

Benitez, P., & Domeniconi, C. (2015). Inclusdo Escolar: o Papel
dos Agentes Educacionais Brasileiros. Psicologia: Ciéncia
e Profissdo, 35(4), 1007-1023.
https://doi.org/10.1590/1982-3703000652014

Ben Rakaa, O., Bassiri, M., & Lotfi, S. (2024a). Pour une Inclusion
Physique Radicale : LUrgence dune Education Physique et
Sportive Adaptee! https://hal.science/hal-04596000

Ben Rakaa, O., Bassiri, M., & Lotfl, S. (2024b). The Influence
of School Pathologies on the Feeling of Pedagogical
Incompetence in Teaching Inclusive Physical Education.
Physical Education Theory and Methodology, 24(4), 626—
634. https://doi.org/10.17309/tmfv.2024.4.15

CSEFRS. (2015). Vision Stratégique 2015-2030.
https://www.csefrs.ma/publications/vision-strategique-
de-la-reforme/?lang=fr

Anderson, R. C. (2006). Teaching (with) disability: Pedagogies
of lived experience. Review of Education, Pedagogy, and
Cultural Studies, 28(3-4), 367-379.
https://doi.org/10.1080/10714410600873258

Ministére de la Santé et de la Protection Sociale. (2018a).
Enquéte Nationale STEPWISE. www.sante.gov.ma/
Documents/2019/05/Rapport%20de%201%20enquéte%20
Stepwise.pdf

Ministere de la Santé et de la Protection Sociale. (2018b).
Enquéte Nationale sur la Population et la Santé
Familiale (ENPSF)(2éme édition). www.sante.gov.ma/
Documents/2020/03/Rapport%20ENPSF%202018%20
2ieme%20édition.pdf

Patel, S. A, Ali, M. K,, Alam, D,, Yan, L. L, Levitt, N. S.,
Bernabe-Ortiz, A., Checkley, W., Wu, Y., Irazola, V.,
Gutierrez, L., Rubinstein, A., Shivashankar, R., Li, X,
Miranda, J. J., Chowdhury, M. A. H,, Siddiquee, A. T.,
Gaziano, T. A., Kadir, M. M., & Prabhakaran, D. (2016).
Obesity and its relation with diabetes and hypertension: a
cross-sectional study across four low- and middle-income
country regions. Global Heart, 11(1), 71.
https://doi.org/10.1016/]. GHEART.2016.01.003

Al-Sumaih, L, Johnston, B., Donnelly, M., & O’Neill, C. (2020).
The relationship between obesity, diabetes, hypertension
and vitamin D deficiency among Saudi Arabians aged 15
and over: Results from the Saudi health interview survey.
BMC Endocrine Disorders, 20(1), 1-9.
https://doi.org/10.1186/S12902-020-00562-Z/TABLES/6

Feinkohl, I., Lachmann, G., Brockhaus, W. R., Borchers, E,
Piper, S. K., Ottens, T. H., Nathoe, H. M., Sauer, A. M.,
Dieleman, J. M., Radtke, E. M., van Dijk, D., Pischon, T.,
& Spies, C. (2018). Association of obesity, diabetes and
hypertension with cognitive impairment in older age.
Clinical Epidemiology, 10, 853.
https://doi.org/10.2147/CLEP.S164793

Yamada, T., Kimura-Koyanagi, M., Sakaguchi, K., Ogawa,
W., & Tamori, Y. (2023). Obesity and risk for its
comorbidities diabetes, hypertension, and dyslipidemia
in Japanese individuals aged 65 years. Scientific Reports,
13(1), 1-10. https://doi.org/10.1038/s41598-023-29276-7

Bandura, A. (2003). Auto-efficacité: le sentiment defficacité
personnelle. https://eduq.info/xmlui/handle/11515/17675

Bandura, A. (2007). Auto-efficacité: le sentiment defficacité
personnelle. https://eduq.info/xmlui/handle/11515/34746

Brown, S. D., & Lent, R. W. (1996). A Social Cognitive
Framework for Career Choice Counseling. The Career
Development Quarterly, 44(4), 354-366.
https://doi.org/10.1002/j.2161-0045.1996.tb00451.x

Dingle, M., Falvey, M. A., Givner, C. C., & Haager, D. (2004).
Essential Special and General Education Teacher
Competencies for Preparing Teachers for Inclusive
Settings. Issues in Teacher Education, 13(1), 35-50.

Nimante, D., & Kokare, M. (2022). Perspective of Teachers
on Their Competencies for Inclusive Education. Acta
Paedagogica Vilnensia, 49, 8-22.
https://doi.org/10.15388/ActPaed.2022.49.1

Sharma, U, Aiello, P, Pace, E. M, Round, P,, & Subban, P.
(2018). In-service teachers’ attitudes, concerns, efficacy and
intentions to teach in inclusive classrooms: an international
comparison of Australian and Italian teachers. European
Journal of Special Needs Education, 33(3), 437-446.
https://doi.org/10.1080/08856257.2017.1361139

McNeEeil, S., Lante, K., & Pill, S. (2017). A review of the
literature on inclusive pedagogy in physical education
2005-2015. Learning Communities: International Journal
of Learning in Social Contexts, 21, 74-94.
https://doi.org/10.18793/LCJ2017.21.07

Pedersen, S. J., Cooley, P. D., & Hernandez, K. (2014). Are
Australian pre-service physical education teachers
prepared to teach inclusive physical education? Australian
Journal of Teacher Education, 39(8), 3.
https://doi.org/10.14221/ajte.2014v39n8.4

Darling-Hammond, L. Ed., & Bransford, J. Ed. (2005). Preparing
Teachers for a Changing World: What Teachers Should
Learn and Be Able to Do. Jossey-Bass, An Imprint of Wiley.

Hargreaves, A., & Fullan, M. (2012). Professional Capital:
Transforming Teaching in Every School. Teachers College Press.

Guskey, T. R. (2002). Professional Development and Teacher
Change. Teachers and Teaching, 8(3), 381-391.
https://doi.org/10.1080/135406002100000512

UNESCO. (2015). Incheon Declaration: Education 2030:
Towards Inclusive and Equitable Quality Education and
Lifelong Learning for All. https://unesdoc.unesco.org/
ark:/48223/pf0000233137

Tsui, A. B. M. (2009). Distinctive qualities of expert teachers.
Teachers and Teaching: Theory and Practice, 15(4), 421-
439. https://doi.org/10.1080/13540600903057179

Hayashi, R., & May, G. E. (2011). The Effect of Exposure to a
Professor With a Visible Disability on Students” Attitudes
Toward Disabilities. Journal of Social Work in Disability &
Rehabilitation, 10(1), 36-48.
https://doi.org/10.1080/1536710X.2011.546300

Pritchard, G. (2010). Disabled People as Culturally Relevant
Teachers. Journal of Social Inclusion, 1(1), 43-51.
https://doi.org/10.36251/JOSI.4

Ware, H., Singal, N., & Groce, N. (2021). The work lives
of disabled teachers: revisiting inclusive education in
English schools. Disability & Society, 37(9), 1417-1438.
https://doi.org/10.1080/09687599.2020.1867074

Bryant, L. G., & Curtner-Smith, M. D. (2008). Impact of a
Physical Education Teacher’s Disability on Elementary
Pupils’ Perceptions of Effectiveness and Learning.
Adapted Physical Activity Quarterly, 25(2), 118-131.
https://doi.org/10.1123/APAQ.25.2.118

782



Ben Rakaa, O., Bassiri, M., & Lotfi, S. (2024). Defining the Effect of Teachers’ Medical History on their Inclusive Teaching Practice:
Analyzing Feelings of Competence and Knowledge in Inclusive Physical Education

BusHaueHHA BNNMBY aHaMHe3y BUKagavis

Ha neAarorivyHy NPakTUKy iHK/MI03MBHOro HaBYaHHA:
AHanis BiguyTTA KOMNETEeHTHOCTI Ta 06i3HaHOCTiI

B ranysi iHKno3nBHoro ¢pisMyHoro BUXoBaHHA

Omap Ben Pakaa'ABCPE, Mycrada Bacipi'**“PE, Caig JIordi'ABPE

"YuiBepcurer Xacana II B Kacabnanni

ABTOpPCHKNMIT BT A — Au3aiiH gocnipkenHs; B — 36ip ganux; C - cratananis; D - migroroska pykormucy; E — 36ip komrTis

Pedepar. Crarts: 7 c., 4 Tabm., 29 mxeper.

Icropisa nuranHs. IIporiec 3anydeHHs y4HIB 3 0COOMMBMUMM TOTpebaMu [0 MIKIZIBHOI CHCTEMI CIIOHYKAB {0 KOMIUIEKCHOTO
TOCTIKeHHsI CTparTeriit, CIIPSIMOBAHMX Ha 3a0e3I1edeHH s PiBHOCTI B KOHTEKCTI CIpaBeIINBOCTI LIKITBHOI OCBITH, IKOCTI HABYaH-
Hs Ta TAPMOHIITHOTO PO3BUTKY IOTeHIiany yuHiB. EQexTuBHicTD peasisariil ux cTpaTeriit 3a1eXXuTh Bifi JKUTTEBOTO NOCBINYy Ta
MeIMYHOTO aHaMHe3Yy IIeflaroriB, AKi 6epyTh y4acTb y LIbOMY IpoLeci.

Merta gocnimkenns. MeTta OC/i[)KeHH TO/IATa/a B OL[iHII CTYIEeHA BIIUBY 0COOMCTOro Ta CiMeTHOrO0 AaHAMHE3iB Ha crpuii-
HATTA BUK/Iafjladamy neparorignoi xommereHTHOCTI (CBIIK) Ta Bukmagaubkol obisHaHocti (BO) mopo oprauisauii ¢isnynol
aKTMBHOCTI Y4HIB.

Marepianu Ta MeTogu. I/ IpOBeeHHs TOCTIKEHHs 6Y/I0 PO3IOBCIOKEHO OHJIANIH-aHKeTy i 339 BunTeniB ¢isnyHoi
BuxoBaHHA i ciopty (PBC), cepen Akux 159 xinok i 180 4omoBikiB BikoM Bifi 21 poKy, AKi IPaIIOI0Th y lep>KaBHMX IIIKOMAX Ha
PIBHAX CTapIIO] Ta CepefHbOl TaHOK HaBYaHH:A. [HCTPYMEHT OLIHKM CK/IafiaBCs 3 YOTUPbOX PO3AiIB: colianbHO-geMorpadiyni
XapaKTepPUCTUKHU, OCOOUCTHIT Ta CiMelTHIIT aHAMHe3!, BiyTTA IefaroriYHoi KOMIIeTeHTHOCTI Ta 06i3HaHICTh BUK/TafIaviB.

Pesynpraru. OTpuMaHi faHi CBif9aTh, 110 TaKi 3aXBOPIOBAHHS, SIK OXKMPIHHI Ta I[YKPOBUIL iabeT, 3HAYHO IOLIMPEH] ceper
YOJIOBIKiB, HIXK cepef >KiHOK, i3 CyTTEBUM IepeBaKaHHAM MaTOMIOTIYHOTO MPOIlecy B ocib cTapiuoro Biky. [TokasaHo, 0 CTaTb
mae ocobmsuit BimB Ha CBIIK i BO B pamkax opraHisalii HaB4aHHs y4HIB 3 rillepToHiuHOI0 XBOpo6o10. Kpim Toro, Buktasadi
CTapIIOro BiKy Ta MefJarory, sKi IpaiooTh Y MiCbKIX YMOBAX, SIK IPaBUIO, IEMOHCTPYIOTh BUIINII piBeHb caMOe(eKTUBHOCTI,
HOIPY BiICY THICTD CTATUCTIYHO 3HAYYILOTO 3B 513Ky MK IXHBOIO [I0YATKOBOIO IIATOTOBKOIO 3 (pi3NIHOr0 BUXOBAHHS i CIIOPTY Ta
IIKA/IOK0 OLIIHKY CIIpUIHATTA KoMmeTeHTHOCTI (Perceived Competence Scale, TSPC) Ta mokasHukamu Axkocti 3HaHb. CriocTepira-
€THCSI HO3UTVBHA KOPEJIALSI MK IIKA/IOK OL[iHKM CIPUITHATTS KOMIIETEHTHOCTI Ta piBHEM 00i3HAHOCTI BUK/TafadiB.

Bucnosxku. [TifcymoByroun, C1ifi 3ayBaXXUTH, 0 BUK/Iafadi CTAPIIOrO BiKy € OIbII CXMIBHUMM [0 PO3BUTKY TAKMX 3aXBO-
PIOBaHb, K I[yKpoBuii fiabeT, apTepianbpHa riepreHsis ta oxupinas. HasaBHicTb 3a3HadeHol icTopil XBOpoOY Ma€ 3HAYHIIT BIINB
Ha PO3BUTOK IHK/IIO3MBHIX HaBMYOK i pO3YMiHHA IIaTOJIOTiII, OB’ A3aHMX 31 IIKiIbHOIO OCBITOIO.

KnrouoBi cnoBa: aHaMHe3, ITefaroriuti HaBMYKM, BUKJIafjallbka 00i3HaHICTD, IHK/TI03VBHE (i3MUHe BUXOBaHHS, IHKII03VBHA
rmefiarorika.
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Abstract

Objectives. This study aimed to evaluate the impact of an 8-week Zumba exercise program on physical fitness and
body composition among sedentary women. The primary goals were to assess changes in muscle mass, flexibility,
back strength, cardiovascular fitness, body weight, and body fat percentage.

Materials and methods. Twenty-four female volunteers (mean age: 22.30 + 2.10 years, height: 162.80 + 4.00 cm)
from North India were randomly assigned to either an experimental group, participating in a structured Zumba
program (60-minute sessions, thrice weekly), or a control group, maintaining their usual activities. The initial and
follow-up assessments comprised the measurement of height, weight, Body Fat Percentage (BFP), Body Muscle Mass
(BMM), grip strength, back strength, flexibility, and Maximal Oxygen Consumption (VO,max).

Results. The statistical analysis conducted using the SPSS 26 software and the Wilcoxon Signed-Rank Test revealed
significant improvements in the experimental group. Body weight decreased from 58.20 + 5.10 kg to 56.80 + 5.00 kg
(p =0.002), body fat percentage dropped from 25.10 + 5.80 % to 23.80 + 6.00 % (p = 0.03), and body muscle mass
increased from 20.40 + 3.20 kg to 21.00 + 3.30 kg (p = 0.04). Grip strength improved from 32.50 + 5.00 kg to

33.20 + 4.80 kg (p = 0.05), back strength rose from 85.00 + 22.00 kg to 105.00 + 25.00 kg (p = 0.001), flexibility
increased from 31.00 + 2.80 cm to 34.00 + 2.50 cm (p = 0.002), and VO,max increased from 41.00 + 5.00 ml/kg/min
to0 44.00 + 4.50 ml/kg/min (p = 0.001). No significant changes were observed in the control group.

Conclusions. The 8-week Zumba program significantly enhanced physical fitness and body composition in sedentary
women, improving muscle mass, flexibility, back strength, and cardiovascular fitness. These findings support Zumba
as an effective and enjoyable exercise option, promoting an active lifestyle and better health outcomes, reinforcing its
role as a comprehensive fitness solution suitable for encouraging sustained physical activity.

Keywords: zumba exercise, sedentary women, physical fitness, body composition, strength.

Introduction

A sedentary lifestyle, characterized by extended periods
of sitting or inactivity, minimal physical activity, and insuf-
ficient exercise, has become increasingly prevalent in mod-
ern society, with a growing body of research highlighting its
detrimental impact on health and well-being. The adverse
effects of a sedentary lifestyle are well-documented. As Mario
and Das (2022) emphasize, physical activity is essential to
daily life, and physical education aims to foster a lifelong
engagement with physical activity beyond the school envi-
ronment. Numerous studies have shown that prolonged sit-

© Choudhary, P. K., & Dubey, S., 2024.

oo Crmopm

@ TMOB
P> TOB 0BC

=

Zooyy

. /M%

ting and physical inactivity are associated with an increased
risk of cardiovascular disease, type 2 diabetes, obesity, and
other chronic health conditions (Hamilton et al., 2008, Park
et al,, 2020, Young et al., 2016). According to a science advi-
sory from the American Heart Association, insufficient
physical activity and sedentary behavior can predict prema-
ture cardiovascular disease mortality and disease burden
(Young et al., 2016). A sedentary lifestyle is characterized by
prolonged sitting or inactivity, low energy expenditure, and
inadequate exercise capacity (Kiling & Kartal, 2022; Yilmaz,
2019). Researchers have warned of the damaging effects of
sitting, and the topic has started to gain traction in main-
stream media, highlighting the need for increased awareness
and intervention (D’Abundo et al., 2015). The global preva-
lence of physical inactivity has reached alarming levels, with
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approximately 60 % of the adult population and two-thirds
of the young population failing to engage in sufficient physi-
cal activity (Rezende et al., 2016; Kohl et al., 2012). In mod-
ern societies, the prevalence of sedentary lifestyles has be-
come a significant public health concern, particularly among
women. Research has shown that women may be more sus-
ceptible to the adverse effects of a sedentary lifestyle com-
pared to their male counterparts (Park et al., 2020), which is
why Women, in particular, may be more vulnerable to the
negative impacts of a sedentary lifestyle. Sedentary women
often exhibit low levels of physical activity, resulting in poor
physical fitness (Yiiksel & Ersoy, 2022). Sedentary lifestyles
have become increasingly prevalent in modern societies,
posing significant health risks (Thyfault et al., 2015). In ad-
dition, a lack of physical activity may lead to a range of health
problems including muscular atrophy, osteoporosis, and de-
creased stamina (Cigek et al., 2017; Rezende et al., 2015).
Nevertheless, it has been emphasized that to alleviate these
adverse consequences and maintain a healthy lifestyle, con-
sistent engagement in physical exercise has been shown to
induce favorable alterations in body composition and Have
a beneficial effect on everyday life (Vural et al.,, 2010). Be-
yond the physical realm, the positive impact of physical ac-
tivity extends to mental and psychosocial domains. Exercise
is associated with a substantial reduction in the risk of men-
tal illnesses and conditions such as anxiety and depression
(Keeley & Fox, 2009). Research has demonstrated the posi-
tive effects of regular physical activity on mental health,
stress reduction, and strengthening the immune system (Lu
& Buchanan, 2014; Callow et al., 2020). Physical activity has
long been considered beneficial to health, and regular exer-
cise is purported to relieve stress (Childs & Wit, 2014). Sub-
stantial research links the effects of physical activity to posi-
tive physiological and psychological health outcomes
(Lackman et al., 2015). Moreover, studies have shown that
consistent physical exercise has beneficial impacts on mental
health, stress reduction, and bolstering the immune system
(Oztiirk, 2021). Consistent physical exercise has been shown
to have numerous benefits on various aspects of human well-
being (Hackney, 2006; Gerber & Piihse, 2009; Archer &
Rapp-Ricciardi, 2017; Mikkelsen et al., 2017). Additionally,
itislinked to heightened psychological and social well-being
(Akyurek et al., 2018). To encourage physical activity among
women and improve health outcomes, it is crucial to imple-
ment methods that include new and engaging activities,
such as dancing, as suggested in these guidelines and effi-
ciency. The present analysis has shown the physiological,
endocrine, cognitive, and psychological advantages associ-
ated with engaging in Zumba dancing activities (Coubard et
al., 2011; Duberg et al., 2013; Kattenstroth et al., 2013). Phys-
ical freshness refers to an individual’s capacity to engage in
physical activities that demand strength, stamina, and flexi-
bility (Puspodari et al., 2022). Regular Zumba workouts have
a significant impact on psychological and social outcomes,
body weight reduction, and increased movement strength
and blood flow to muscles, making them very beneficial for
students (Puspodari, Wiriawan et al., 2022). It can improve
balance, strength, flexibility, and cardiovascular function,
which is why it is considered an aerobic workout (Belardi-
nelli et al., 2008). Zumba, a dynamic and exhilarating dance-
fitness program, has captivated the global fitness community
since its inception in the 1990s. Originating in Colombia,

Zumba has transcended its roots to become a ubiquitous
presence in health clubs, community centers, and living
rooms around the world, attracting millions of devotees who
seek an engaging and effective way to stay fit (Vendramin et
al., 2016). Zumba’s infectious energy and ability to engage
large segments of the population have made it a subject of
increasing academic interest, with researchers exploring its
potential health benefits and efficacy as a fitness intervention
(Domene et al., 2015). To continue effective exercise, physi-
cal activity must include more than just static muscular acti-
vation. It necessitates the preservation of a certain rhythm
and movement pattern, which are essential for sustaining
rhythmic motions (Civan et al., 2022). A study conducted by
Barranco-Ruiz and Villa-Gonzéalez (2020) has shown that
Zumba Fitness has several advantages for women’s body
composition and overall physical fitness. It has been proven
to be an excellent program for increasing physical activity
levels in women who are typically not very active. An exami-
nation of the research indicates that Zumba Fitness has a
somewhat favorable effect on body composition, muscular
strength, balance, and general quality of life. Zumba offers a
gateway to cultural exploration and personal growth. It’s an
opportunity to transcend the boundaries of routine and em-
brace the full spectrum of human expression Choudhary
and Dubey (2024). Zumba Fitness has emerged as a popular
group exercise program that offers a unique blend of cardio-
vascular, strength, and dance-inspired movements. Recent
research suggests that this dynamic workout modality may
provide significant benefits for women’s physical fitness and
body composition (Donath et al., 2013). Moreover, research
examining the impact of Zumba workouts on physical mea-
surements discovered that a 12-week Zumba program had a
positive influence on body metrics in women. This suggests
that Zumba may help enhance body composition and facili-
tate weight control (Bayrakdar et al., 2020). Consistent with
previous research, the findings of this study suggest that
Zumba fitness can be an effective and enjoyable exercise
modality for promoting physical and psychological health
among overweight and obese individuals, The results dem-
onstrated significant improvements in the participants’ body
composition, with reductions in body weight, body mass
index, and body fat percentage (Domene et al., 2016,
Ljubojevi¢ et al., 2014). Moreover, there is empirical evi-
dence suggesting that engaging in Zumba dancing signifi-
cantly improves the physical fitness of women. According to
Micallef (2015), Zumba dancing, being a high-energy dance
exercise, may be maintained and lead to a general improve-
ment in fitness levels. It is worth mentioning that while cur-
rent data suggests that Zumba Fitness has beneficial impacts
on body composition, mental health, and cardiovascular
health, there is a dearth of direct studies explicitly examining
the influence of Zumba Fitness on physical fitness.

This study aims to critically assess the impact of an
8-week Zumba Fitness program on a range of physical
fitness parameters in sedentary women in the northern
part of India. Specifically, it will evaluate changes in weight,
body fat percentage (BF%), body muscle mass (BMM),
grip strength, back strength, flexibility, and maximal
oxygen uptake (VO,max). Given the increasing popularity
of Zumba as a fitness modality, there is a pressing need to
rigorously investigate its efficacy in improving these diverse
fitness metrics. By conducting this research, the study seeks
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to provide evidence-based recommendations for fitness-
oriented exercise programs tailored to sedentary women,
potentially enhancing overall fitness outcomes and offering
valuable insights for future exercise interventions. The study
hypothesizes that an 8-week Zumba exercise program will have
a positive impact on various fitness parameters in sedentary
women. Specifically, it posits that Zumba will significantly
improve weight, body fat percentage (BF%), body muscle mass
(BMM), grip strength, back strength, flexibility, and maximal
oxygen uptake (VO, max). Each hypothesis targets a distinct
aspect of physical fitness, suggesting that Zumba can enhance
overall fitness outcomes by addressing these different areas.

Materials and Methods

Study Participants

Prior to the commencement of the 8-week Zumba
exercise program, initial assessments were conducted to

Table 1. Data Collection Tools and Procedures

record participants’ height, weight, Body Fat Percentage
(BFP), Body Muscle Mass (BMM), grip strength, back
strength, flexibility, and Maximal Oxygen Consumption
(VO, max). The study then implemented an 8-week Zumba
regimen, involving 60-minute sessions held three times
per week. At the conclusion of this intervention, follow-up
measurements were taken to evaluate any changes in height,
weight, BFP, BMM, grip strength, back strength, flexibility,
and VO, max (Table 1).

This study involved 24 female volunteers 22.30+
2.10 years and an average height of 162.80 + 4.00 cm
residing in the North Indian region. They were recruited
from local community centres and were non-athletes with
no history of diseases or sports-related injuries. Participants
were randomly assigned to either the experimental group
(12 participants) or the control group (12 participants).
The study did not include any dietary interventions, and
participants were instructed to maintain their usual eating
habits throughout the study. The participants in the control

Measurement Type

Description

Body composition values were assessed using the InBody 230 bioelectrical impedance analyzer (BioSpace,

Height, Weight, and Body
Composition Measurements

level, stable surface.

Seoul, South Korea) with a sensitivity of 0.01 kg. This analyzer provides accurate measurements of bone
mass, body water, muscle mass, and segmental fat content via low electrical currents through electrodes
on the hands and feet. Height was measured in centimeters with participants standing barefoot on a

Hand Grip and Back Strength
Measurements

Hand grip strength was assessed using the ErgoForce hand dynamometer (ErgoTech, Mumbai, India).
Back strength was measured using the ErgoForce back and leg dynamometer.

Flexibility was evaluated using the FlexiReach test. Participants sat on the FlexiReach box and, with

Flexibility Measurement

their hands extended forward, bent their bodies forward without bending their knees. The farthest point

reached was recorded after holding for 1-2 seconds.

Maximal oxygen consumption was measured using the Bruce Treadmill Protocol with modifications for
local altitude conditions. The test started at 3.0 km/h with a 12 % incline, increasing every 3 minutes.

VO, max Measurement

Termination criteria included reaching maximal heart rate (220-age), a respiratory exchange ratio above

1.1, or exhaustion. Oxygen consumption was monitored using a Cosmed Quark CPET system, and data
was collected with an integrated software program.

The intervention group participated in a Zumba program consisting of a diverse choreography with
various dance styles, performed three times a week at 55 % to 65 % of the target heart rate. Each session

Zumba Exercise Program

lasted 60 minutes, including 10 minutes for warm-up and cool-down exercises. The core workout

included 45 minutes of Zumba steps (e.g., Bhangra, reggaeton, Hip-hop), with original Zumba music
played for 4-5 minutes and 20-30 seconds rest between tracks.

Table 2. Description of the Zumba Exercise Program Components

Zumba Exercise Program

Details

Exercises: Dynamic stretches (e.g., shoulder rolls, hip circles) and light aerobic movements (e.g.,

Warm-Up (10 minutes)

marching in place, step-touch variations).
Dance Rhythm: Slow to medium-paced Punjabi beats (90-100 BPM).

Focus: Gentle muscle activation, gradually increasing heart rate.

Number of sets: 6 sets.

Duration per set: 7 minutes per set.

Step Frequency: 120-135 BPM depending on dance style.

Main Workout (45 minutes) (110-115 BPM)

Rest between Sets: 1 minute.

Dance Styles: Hip-hop (120-125 BPM), Reggaeton (130-135 BPM), Cumbia (115-120 BPM), Bhangra

Music: Original Zumba tracks (4-5 minutes per track, with 20-30 seconds rest between tracks).
Dance Learning Time: 1-2 minutes per set, dedicated to teaching/practicing steps.

Exercises: Static stretches for major muscle groups (hamstrings, quadriceps, shoulders, and back).

Cool-Down (5 minutes)

Dance Music: Slow-paced Zumba tracks (80-90 BPM).

Focus: Stretching and relaxation, holding each stretch for 20-30 seconds.
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group (CG) were instructed to maintain their usual daily
routines and refrain from engaging in any additional physical
activities beyond their typical lifestyle. They did not follow
any structured exercise or motor activity program during the
8-week period. This allowed for a clear comparison between
the Zumba program’s effects on the experimental group (EG)
and the natural variation in fitness and body composition in
the control group, ensuring that any observed changes in the
EG could be attributed to the Zumba intervention. Overview
of the structured Zumba exercise program, including warm-
up, main workout, and cool-down details presented in
Table 2.

Both groups were encouraged to maintain their normal
dietary habits, and no additional instructions regarding
nutrition or lifestyle modifications were provided to either
group. Informed consent was obtained from all participants,
with detailed explanations of the study’s risks and benefits.
The study adhered to ethical guidelines consistent with the
Helsinki Declaration.

Statistical Analysis

Analysis of the data was conducted utilizing the Statisti-
cal Package for Social Science (SPSS) version 26 software.
The Shapiro-Wilk test was employed to assess the normality
of the data distribution, revealing a non-normal distribu-
tion. Consequently, the Wilcoxon Signed-Rank Test was ap-
plied to compare pre-test and post-test results within the
same group. Statistical significance was determined with
a threshold of p < 0.05.

Results

The anthropometric characteristics, grip strength, back
strength, flexibility, and VO, max values of the sedentary
women participating in the study were analyzed based on
pre-test and post-test measurements.

Table 3 presents the demographic characteristics of the
study participants, including mean age and mean height for
both the experimental and control groups, as well as the
combined data for all participants. The experimental group,

Table 3. Age and Height Values of the Participants

Group Mean Age (years) Mean Height (cm)
Experimental (n = 12) 22.10 £2.25 162.50 + 4.25
Control (n =12) 22.00 £ 1.55 164.30 £ 4.40
Combined (n = 24) 22.05£1.90 163.40 + 4.32

SUBJECTS
n=24

‘ GROUPS

(RANDOMLY SELECTED)

CONTROL GROUP TREATMENT GROUP
n=12 n=12

4

‘ BASELINE MEASUREMENTS ‘

TREATMENT

8-Week Zumba Training

ENDLINE

MEASUREMENTS ENDLINE

MEASUREMENTS

N=12 N=12

Fig. 1. Flow Chart

consisting of 12 women, has a mean age of 22.10+2.25 years
and a mean height of 162.50 + 4.25 cm. The control group,
also with 12 women, has a slightly lower mean age of
22.00 £ 1.55 years and a slightly higher mean height of 164.30
+ 4.40 cm. When combined, the total sample of 24 women
shows an average age of 22.05 + 1.90 years and an average
height of 163.40 + 4.32 cm. This table provides a baseline
demographic overview, ensuring that both groups are com-
parable in terms of age and height before the intervention.

Table 4 displays the pre-test and post-test measurements
for weight, body fat percentage (BFP), and body muscle
mass (BMM) for both the experimental and control groups.
The experimental group, which participated in the Zumba
program, showed significant changes: their weight decreased
from 58.20 + 5.10 kg to 56.80 + 5.00 kg (Z = -3.15, p=0.002),
BFP decreased from 25.10 +5.80 % t0 23.80 +£ 6.0 % (Z =-2.30,
p =0.03), and BMM increased from 20.40 +3.20 kg to 21.00
+3.30 kg (Z = 2.05, p = 0.04). In contrast, the control group
showed no statistically significant changes in any of these
measures: weight (p = 0.65), BFP (p = 0.80), and BMM
(p=0.76). This table highlights the effectiveness of the Zumba
intervention in improving weight, body fat percentage, and
muscle mass compared to the control group.

Table 4. Weight, Body Fat Percentage (BFP), and Body Muscle Mass (BMM) Values of the Participants

Measurement Group Pre-Test (Mean + SD) Post-Test (Mean + SD) Z-Score p-Value
Experimental 58.20 £ 5.10 56.80 £+ 5.00 -3.15 0.002*
Weight (kg)
Control 59.00 £ 4.50 59.20 £ 4.60 -0.45 0.65
Experimental 25.10 £5.80 23.80 £ 6.00 -2.30 0.03*
BFP (%)
Control 2490 + 6.10 24.80 + 6.20 -0.25 0.80
Experimental 20.40 £ 3.20 21.00 + 3.30 2.05 0.04*
BMM (kg)
Control 21.00 £ 3.50 21.10 £ 3.40 0.30 0.76
*p<0.05
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Table 5. Grip Strength, Back Strength, Flexibility, and VO, max Values of the Participants

Measurement Group Pre-Test (Mean + SD) Post-Test (Mean * SD) Z-Score p-Value
Grip Strength (kg) Experimental 32.50 + 5.00 33.20 + 4.80 1.95 0.05
Control 31.80 + 4.60 32.00 £4.70 0.45 0.65
Back Strength (kg) Experimental 85.00 £ 22.00 105.00 £ 25.00 -3.25 0.001%
Control 84.50 £ 23.50 87.00 = 21.00 -1.10 0.27
Flexibility (cm) Experimental 31.00 + 2.80 34.00 £ 2.50 -3.10 0.002%
Control 30.80 = 3.00 30.70 £ 3.10 -0.15 0.88
VO, max (ml/kg/min) Experimental 41.00 = 5.00 44.00 = 4.50 -3.15 0.001*
Control 40.50 + 4.80 41.00 = 4.90 -0.55 0.58
*p<0.05

Table 5 shows the results for grip strength, back strength,
flexibility, and VO, max before and after the 8-week Zum-
ba intervention. For the experimental group, there was a
statistically significant increase in back strength from
85.00+22.00kg to 105.00 + 25.00 kg (Z = -3.25, p=0.001),
flexibility from 31.00 + 2.80 cm to 34.00 £ 2.50 cm (Z =-3.10,
p = 0.002), and VO, max from 41.00 £ 5.00 ml/kg/min
to 44.00 + 4.50 ml/kg/min (Z = -3.15, p = 0.001). Grip
strength showed a marginal increase from 32.50 + 5.00 kg to
33.20+4.80 kg (Z = 1.95, p = 0.05). In contrast, the control
group showed no significant changes in any of these pa-
rameters: grip strength (p = 0.65), back strength (p = 0.27),
flexibility (p = 0.88), and VO, max (p = 0.58). This indicates
that the Zumba exercise program was effective in improving
physical fitness parameters compared to the control group.

Discussion

In reviewing similar studies, it has been consistently
found that Zumba exercise programs positively impact body
composition and physical fitness in women. A randomized
controlled study demonstrated the health-enhancing effi-
cacy of Zumba, with participants exhibiting improvements
in aerobic fitness, muscular endurance, and body compo-
sition (Domene et al., 2015). Further, an investigation on
the effects of an 8-week Zumba fitness program revealed
significant reductions in body fat percentage and increases
in lean muscle mass among female participants (Ljubojevi¢
et al., 2014). These findings suggest that Zumba represents
an effective approach to improving physical fitness and
body composition in women. This form of exercise has been
shown to enhance the physical activity levels of sedentary
women, making it a successful intervention (Barranco-Ruiz
& Villa-Gonzalez, 2020). In our study, Table 2 highlights the
significant changes observed in weight, Body Fat Percentage
(BFP), and Body Muscle Mass (BMM) among participants.
Specifically, the experimental group showed a significant
reduction in weight from pretest (58.20 + 5.10kg) to posttest
(56.80 + 5.00 kg) with a Z-score of -3.15 (p = 0.002), while
the control group did not exhibit a significant change. Simi-
larly, BFP decreased significantly in the experimental group
from pretest (25.10+ 5.80 %) to posttest (23.80+6.00 %)
with a Z-score of -2.30 (p = 0.03), contrasting with the con-
trol group’s non-significant change. Moreover, BMM sig-
nificantly increased in the experimental group from pretest
(20.40 £ 3.20 kg) to post-test (21.00 + 3.30 kg) with a Z-score

of 2.05 (p=0.04), while the control group showed no signifi-
cant change. These findings align with literature reports that
Zumba Fitness positively affects body composition, muscle
strength, balance, and overall quality of life (Barranco-Ruiz
& Villa-Gonzélez, 2020). Studies have demonstrated that
regular Zumba exercises can significantly improve anthro-
pometric features in women (Bayrakdar et al., 2020). For
instance, an 8-week Zumba program conducted with over-
weight and obese women in Malta showed effective weight
loss (Micallef, 2015), similar to the significant reductions
in weight and body fat percentages observed in our study
(Oktay, 2015; Ljubojevi¢ et al., 2014). Regarding handgrip
strength, our study found no significant differences between
pretest and post-test values for both the experimental and
control groups. This is consistent with previous studies that
reported no significant changes in handgrip strength follow-
ing Zumba exercise programs (Cugusi et al., 2015; Oktay,
2018). Conversely, significant improvements were noted in
back strength, flexibility, and VO, max within the experi-
mental group, as detailed in Table 3. These findings are in
agreement with earlier studies that documented significant
increases in maximal oxygen consumption, flexibility, and
back strength following Zumba exercise programs (Ok-
tay, 2018; Suminar et al., 2018). Luettgen et al. (2012) also
reported a significant increase in VO, max due to Zumba
exercises. Additionally, Krishnan et al. (2015) observed a
7.1% improvement in VO, max after a 16-week Zumba pro-
gram, and Donath et al. (2014) reported a 21 % increase in
VO, max in the 6-minute walk test following Zumba ex-
ercise. The high-intensity, dance-based nature of Zumba
likely contributes to these cardiovascular improvements,
as participants engage in continuous, full-body movements
that elevate heart rate and oxygen consumption (Luettgen
et al., 2012). Furthermore, a randomized controlled study
found that Zumba was an efficacious health-enhancing ac-
tivity, with participants demonstrating significant increases
in leisure-time physical activity and overall physical func-
tion (Domene et al., 2015). Together, the existing evidence
suggests that Zumba represents a promising approach for
improving cardiorespiratory fitness and VO, max among
adults. Overall, our study’s findings corroborate the litera-
ture, underscoring Zumbas efficacy in enhancing physical
fitness parameters among sedentary women, particularly
in the North Indian population. This supports the notion
that Zumba dance, as a high-energy physical activity, can
substantially improve general fitness levels and contribute
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to better health outcomes (Micallef,2015). Our study’s re-
sults align with those of Choudhary and Dubey (2024), who
found significant improvements in fitness parameters fol-
lowing an eight-week Zumba program. While their study
focused on male college students, our research extends these
findings to sedentary women in North India, demonstrating
similar benefits in weight reduction, body fat percentage,
muscle mass, back strength, flexibility, and VO, max. Spe-
cifically, the improvements in VO, max (from 40.44 +4.62 to
42.44+3.12ml/kg/min) in our study corroborate the cardio-
vascular benefits. The development of strategies to enhance
physical activity diffusion, through effective interventions, is
crucial for public health. This objective necessitates targeted
health policies, shared goals, and clearly defined responsi-
bilities. The findings from our study align with those report-
ed by Sahin et al. (2023), who investigated the effects of an
8-week Zumba exercise program on various physical fitness
components in sedentary women. Their study demonstrated
significant improvements in weight, body fat percentage
(BFP), body muscle mass (BMM), flexibility, back strength,
and VO, max, similar to our findings. Notably, both studies
observed significant reductions in body weight and BFP,
alongside increases in BMM, flexibility, back strength, and
VO, max in the experimental group, thereby supporting the
efficacy of Zumba as a comprehensive exercise program for
enhancing physical fitness in sedentary women. According
to Moscatelli et al. (2023), understanding and addressing
the differences in physical activity levels between male and
female university students is essential for designing these
strategies. The study highlights that successful public health
strategies should be supported by well-planned health poli-
cies and a collaborative approach to improve physical activ-
ity among diverse populations.

Conclusions

The 8-week Zumba exercise program demonstrated
significant improvements in the physical fitness and
body composition of sedentary women, highlighting its
effectiveness as an intervention for enhancing overall health.
The study found that participants experienced notable
enhancements in muscle mass, flexibility, back strength, and
cardiovascular fitness, while also achieving reductions in
body weight and fat percentage. These findings align with
existing research on the benefits of Zumba, reinforcing
its role as a beneficial, accessible, and enjoyable form of
exercise that can lead to substantial health improvements.
The program’s success in promoting an active lifestyleamong
sedentary women underscores the value of incorporating
Zumba into regular physical activity routines to foster
better health outcomes. This study contributes to the
growing body of evidence supporting Zumba as a holistic
fitness solution that not only addresses various aspects of
physical health but also encourages sustained engagement
in physical activity due to its fun and dynamic nature. By
enhancing both physical and mental well-being, Zumba
proves to be a versatile exercise option suitable for a wide
range of individuals, particularly those who may struggle
with traditional forms of exercise. The incorporation of
Zumba into fitness programs can therefore play a crucial
role in public health strategies aimed at reducing sedentary
lifestyles and improving quality of life.
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OuiHka BNAnBY 8-TWXKHEBOI NporpamMmm 3aHATb 3yMm6010 Ha piBeHb
$isnuyHOI NiAroToBNeHOCTI XKIHOK, AKi BeAyTb Manopyxnnsui
Cnoci6 xunTTA: PaHgomisoBaHe KOHTPO/IbOBaHe AOCAIAKEeHHA

IMpamant Kymap Yoyaxapi'A®<P, Cyunmpasna [Ty6eir*A5<P

'TIpexpacumit mpodeciitunit yHiBepcuTeT

*Harrionanpanit iHCTUTYT ¢isnuHOro BuxoBaHH:A iMeHi Jlakumi Baii

ABTOpPCHKMIT BKTAJ: A — Au3aiitH gocmipkenHs; B — 36ip ganux; C — cratananis; D — migroroska pykorcy; E — 36ip kowtis

Pedepar. Crarts: 9 ¢, 5 Tabn., 1 puc., 52 mxepern.

Merta gocnimKeHHs. MeTa JOCTiZKeHHA N0JIATaza B OLiHI BIVIMBY 8-TVDKHEBOI IPOTPaMy 3aHATD 3yM60}0 Ha piBeHb Oi-
3MYHOI MiITOTOB/IEHOCTI Ta KOMIIO3UIIIIO Ti/la cepef KiHOK, AKi BeAyTh Ma/JIOPYX/IMBUIL CIOCIO XUTTs. [07T0OBHUMM 3aBJaHHAMU
Oy/10 BM3HAYNTY 3MIHM B IOKAa3HNMKAX M s130BOI MacK, THYYKOCTI, CVJIU M 5I31B CIIVHY, (PYHKIIIOHAIBHOTO CTAHY CepLieBO-CYANHHOI
CHUCTEMM, MaCy Ti/Ia Ta Bi[COTKOBOIO BMiCTy )KUPY B OpraHismi.

Marepianu Ta MeTogu. Y TOCTi/KeHHI B35 y4acTb 24 XiHKM-706poBonbli (cepenHiit Bik 22,30 + 2,10 poxkis, s3pict 162,80 +
4,00 cm) 3 ITiBuivHOI [HAII, sSIKUX 6Y/I0 PO3IIOAITEHO METOZOM PaHAOMI3aLIil 10 eKCIIePUMEHTANTBHOI TPYIIN, IO 3aliMaIacs CTPYK-
TYPOBAHOI0 IIPOrpaMoIo i3 3yM6u (60-XBUIMHHI 3aHATTA TPUUi HA TIDKJEHD), 200 1O KOHTPOJIBHOI TPYIN, AKa JOTPUMYBaIacs
CBOE€I CTaHAAPTHOL aKTUBHOCTI. [loyaTkoBMii i MoOfANbIINIL aHA/i3 BKIKOYAB BUMiPIOBAaHHSA 3POCTY, Barl, BilCOTKOBOTO BMICTY
xupy B opranismi (BBJKO), M’ 30801 Macu Tima (MMT), cum XBaty, cumn M’A31iB CIIMHY, THYYKOCTI Ta piBHA MaKCUMaIbHOTO
cnoxnpauuaA KucHo (VO,max).

PesynpraTi. 3a JOIIOMOTr0OI0 CTATUCTUYHOTO aHA/Ti3Y, IPOBEIEHOrO i3 3aCTOCYBaHHAM IIPOrPaMHOro 3abesmedenHs SPSS 26 Ta
KPUTEPilo 3HAKOBUX paHriB BinkokcoHa, 6y}10 BCTaHOBJIEHO 3HAYHi IOKPalleHHs IIOKa3HNUKIB B eKCIIEpMMEeHTa/IbHil rpymi. Maca
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Tina smenmmacs 3 58,20 + 5,10 kr 5o 56,80 + 5,00 xr (p = 0,002), BiZcOTKOBMIT BMICT )XMpy B OpraHismi sHususcs 3 25,10 5,80 %
1o 23,80 + 6,00 % (p = 0,03), piBerb M’s130B01 Macy Tina migBuimBcs 3 20,40 + 3,20 xr o 21,00 £ 3,30 xr (p=0,04). [Toka3Huk
CUIM XBaTy TaKOXX IOKpammsca 3 32,50 * 5,00 kr mo 33,20 + 4,80 kr (p = 0,05), cuma M’s13iB crHY 3pocia 3 85,00+22,00 kr
1o 105,00 +25,00 xr (p = 0,001), ruyukicTs 36imbummtacsa 3 31,00 + 2,80 cm go 34,00 + 2,50 cm (p = 0,002), mokasuuk VO, max
TaKOX HigBymmBca 3 41,00 + 5,00 mn/kr/xB. 5o 44,00 + 4,50 mn/kr/xB (p = 0,001). Y KOHTpPONBHIl Py HOCTOBipHMX 3MiH He
criocrepiranocs.

BucHOBKM. 3aCTOCYBaHHsI IIPOrpaMiL 3aHATH 3 3yMOM BIIPOJOBXK 8 TVDKHIB CIIPUSIIO 3HAYHOMY IOKpAllleHHIO piBHA i3nd-
HOI HiATOTOB/IEHOCT] Ta KOMIIO3MLIi Ti/a y >KiHOK, AKi BeflyTh MaJIOPYX/IMBUIL CIIOCIO XKUTTH, IIULAXOM IOJIIIIEHHS IIOKa3HMKIB
M’5130BOI Macy, THYYKOCTi, CIM M’513iB CIIMHM Ta (DYHKI[iOHA/IBHOTO CTaHy CepLieBO-CyAMHHOI crcTemu. OTpuMaHi pesyabTaTu
HiTBEPKYIOTH TIepeBary 3yMOum sik eeKTMBHOIO Ta 3aXOIUIIOIYOro BUAY (Pi3MYHUX BIPAB, LIO CIPUSIE AKTUBHOMY CIIOCOOY
JKUTTS Ta HOKPAI[eHHIO CTaHY 3[J0POB’Al, 3MIiIHIOIUM {i pPOJIb AK KOMIIIEKCHOTO (iTHeC-pillleHHs, CIPAMOBAHOTO HA CTYMY/TIOBAH-
HA J10 pery/sipHoi (isMYHOI aKTUBHOCTI.

KirouoBi cnoBa: BrpaBu 3 3yMOu, XIHKU 3 MaJTOPYXJIMBUM CIIOCOOOM XXMTTH, Pi3NdHA MiIrOTOBIEHICTh, KOMIIO3UIIiA Tifa,
cuna.
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Abstract

Objectives. The study aimed to examine the influence of Teaching Game for Understanding (TGfU) and Problem-
Based Learning (PBL) learning models on the elementary school students’ fundamental football skills in physical

education.

Materials and methods. This study is classified as experimental research. The research design used was quasi-
experimental. A total of 46 elementary school students aged 10-11 years were the samples in this study. Of the

46 samples, 23 received the PBL learning model, whereas 23 received TGfU learning.

Results. The research findings showed that: (1) there was a significant influence of the PBL learning model on
fundamental football skills in physical education, with a p-value of 0.000 < 0.05; (2) the TGfU learning model
demonstrated a substantial effect on fundamental football skills, with a p-value of 0.000 < 0.05; (3) a significant
difference was observed between the PBL and TGfU learning models on fundamental football skills with a p-value of
0.000 < 0.05, and the difference between the two groups was 10.69.

Conclusions. According to the results obtained, the PBL and TGfU learning models have a positive influence on

fundamental football skills.

Keywords: PBL, TGfU, fundamental skills, physical education.

Introduction

Physical education in elementaryschoolshasasignificant
role in character development and strengthening students’
fundamental movement abilities (Lander et al., 2017). Big
ball games, particularly football, are used extensively in
elementary school physical education (Greve et al., 2022).
Fundamental football skills that schoolboy must master
include kicking, controlling, dribbling, and stopping the ball
(Al Ardha et al., 2018).

However, there are still various impediments to learning
football in elementary school. Learning that focuses solely on

© Santoso, N., Pambudi, A. F, Prayadi, H. Y., Utami, N. S.,
Yudhistira, D., & Virama, L. O. A., 2024.
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mastering fundamental techniques without being combined
with real-world games makes it difficult for schoolboy to
apply their newly acquired skills in real-world settings
(Hamari et al., 2016; Lian, 2018). In addition, a teacher-
centred learning approach can lower students’ interest and
active participation in the learning process (Kassem, 2019).
Toaddressthisissue, there mustbe innovation in physical
education learning models, particularly in football material.
Two models of learning to explore are Teaching Games for
Understanding (TgfU) and Problem Based Learning (PBL).
These two learning models contain qualities appropriate for
enhancing elementary school students’ fundamental football
skills (Abad Robles et al., 2020; Barquero-Ruiz et al., 2021).
The TgfU model emphasizes conceptual understanding
of the game using a tactical approach (Harvey et al., 2020).
Schoolboy participate in modified game situations to develop
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tactical comprehension and decision-making skills (Alcala
& Garijo, 2017; Wang & Wang, 2018). Meanwhile, the PBL
approach highlights problem-solving in real-world football
games (Aparicio-Moreno & Rivas-Gémez, 2023). Schoolboy
are presented with challenges that must be resolved through
a process of investigation, discussion, and decision-making
(Evcimik & Oruc, 2023).

Several prior research has demonstrated that using the
TgfU and PBL models in football learning can help students
improve their fundamental football skills (Gil-Arias et al.,
2021; Harvey et al., 2020). However, the majority of the
research was conducted among high school or university
students. Meanwhile, research into the impact of the
TgfU and PBL models on fundamental football abilities in
schoolboy in elementary school remains limited.

Therefore, the purpose of this study is to analyze the
impact of the TgfU and PBL learning models on fundamental
football skills in the context of physical education in elementary
schools. It is expected that this research would contribute to
the advancement of science, particularly in the field of physical
education, as well as serve as a resource for teachers seeking to
implement effective learning models to improve elementary
school schoolboy fundamental football skills.

Materials and Methods

Study Participants

The sample of this study consisted of 46 elementary school
schoolboy aged 10 to 11. Of the 46 samples, 23 received the
PBL learning model, whereas 23 received the TGfU learning
model. Furthermore, this study included two non-randomly
selected groups. A pretest would be given to both groups to
determine the initial conditions, followed by a posttest to de-
termine the differences between experimental groups 1 and 2.

Study Organization

This research is classified as experimental research. This
study employed a quasi-experimental research design. The
purpose of this study is to directly analyze the effect of one
variable on other variables, as well as to test hypotheses about
cause-and-effect relationships. The following table shows the
research design:

Table 1. Experimental Design Nonequivalent Control
Group Design

Group Pretest Treatment Posttest
Experiment 1 (PBL) 0, X, 0O,
Experiment 2 (TgfU) (OR X, O,

Before receiving treatment, experimental groups 1 and
2 underwent initial tests to establish their fundamental
football skills in physical education. Experimental group 1
was treated with PBL learning, while experimental group 2
was treated with the TGfU learning model. After both
groups completed the final test, their results were compared
and the differences were tested. A significant difference in
scores between experimental groups 1 and 2 indicates the
treatment effect. Both groups exercised three times per week
for six weeks.

Statistical Analysis

The data collection tests include dribbling and short pass
measurements to measure fundamental football skills. The
collected data was analyzed using the Analysis of Variance
(ANOVA) test at a significance level of a = 0.05. Previously,
a normality test (Shapiro-Wilk test) was performed to
ensure that the data met the assumptions of normality and
homogeneity of variance test (Levene’s test) to verify the
homogeneity of variance between groups.

Results

This study lasted one and a six weeks and involved
20 days of meetings, including one pretest, 18 treatments, and
one posttest. The number of respondents was 46 students.

The following table displays descriptive statistical data
from this study:

Table 2. Descriptive Data

PBL Experimental TGfU Experimental
Description Group Group

Pretest Posttest Pretest Posttest
N 23 23 23 23
Mean 99.39 109.09 97.57 119.78
Median 98 110 98 123
Mode 96 110 96 126
SD 5.508 6.030 3.514 10.122
Minimum 92 98 88 102
Maximum 112 123 102 139
Sum 2286 2509 2244 2755

Table 2 shows that fundamental football skills have
increased in the PBL and TGfU experimental groups. The
mean pretest score for the PBL experimental group is 99.39,
with a posttest score of 109.09, whereas the mean pretest
score for the TGfU experimental group is 97.57, with a
posttest score of 119.78.

Table 3. Normality Test

Group p-value Sig. Description
Pretest PBL 0.084 0.05 Normal
Posttest PBL 0.854 0.05 Normal
Pretest TGfU 0.114 0.05 Normal
Posttest TGfU 0.357 0.05 Normal

Table 3 shows the results of the normality distributions
test with the Shapiro-Wilk test. Based on the data above, it is
known to have a sig value > 0.05. As a result, we can conclude
that the TGfU and PBL learning models for influencing
fundamental football skills follow a normal distribution.

Table 4. Homogeneity Test

Group dfl  df2 Sig. Description
Pretest-Posttest PBL 1 58 0.929 Homogenous
Pretest-Posttest TGfU 1 54 0.638 Homogenous
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Table 5. Paired Samples Test

Paired Differences

95 % Confidence
Std. Std. Error Interval of the t df  Sig. (2-tailed)
Mean . . Diff
Deviation Mean uference
Lower Upper
Pair 1 Pretest PBL - Posttest PBL -9.696 7.289 1.520 -12.848 -6.544 -6.379 22 .000
Pair2 Pretest TGFU - Posttest TGFU  -22.217 10.220 2.131 -26.637 -17.798  -10.426 22 .000

Table 4 shows that the pretest and posttest scores for
fundamental football skills in the PBL experimental group
and the TGfU experimental group have p-values > 0.05,
indicating that the data is homogeneous.

According to the analysis results presented in Table 5,
it demonstrate that the PBL learning model has a p-value
0f 0.000 < 0.05, indicating a significant difference. Thus, the
PBL learning approach has a considerable impact on funda-
mental football skills in physical education. The TGfU learn-
ing model’s p-value of 0.000 < 0.05 indicates a significant dif-
ference. Thus, the PBL learning approach has a considerable
impact on fundamental football skills in physical education.

Furthermore, the following table shows the differences
in fundamental football skills between the PBL and TGfU
experimental groups:

Table 6. Results of t-test

Group Mean Teount p-value
PBL 109.09
4.354 0.000
TGfU 119.78

Table 6 indicates a significant difference (tcount =
4.354, p-value = 0.000 < 0.05). As a result, the PBL and
TGfU learning models differ significantly in terms of
fundamental football skills. Based on the posttest average
score between the PBL and TGfU experimental groups
which has a difference of 10.69, it is feasible to conclude that
the fundamental football skills of the experimental group
treated using the TGfU learning model are better than the
PBL learning model group.

Discussion

The learning program, which included 18 meetings,
resulted in significant improvements in fundamental football
abilities in physical education. Two learning techniques that
are effective for developing fundamental football skills are
Teaching Game for Understanding (TgfU) and Problem-
Based Learning (PBL).

Research conducted by Parwata (2021) found that
using the PBL learning models in physical education
may considerably enhance primary school schoolboy
fundamental football skills. The group taught utilizing PBL
improved their kicking, controlling, and dribbling abilities
more than the group 2 taught using conventional methods.
This is due to the qualities of PBL, which enable students to
actively participate in solving issues connected to football
games, therefore enhancing comprehension and mastery of
fundamental skills (Jia et al., 2024).

The Problem-Based Learning (PBL) learning model
aims at improving students’ critical thinking habits (Razak
etal, 2022). PBL is a learning model in which students raise
a question, the educator guides the inquiry, and students
engage in dialogue to find an answer (Chen et al., 2021).
PBL employs certain thinking patterns, including planned
thinking, analogical thinking, systematic thinking, and
generative thinking (Boelt, 2023).

On the other hand, Pratama et al. (2021) found
that TGfU-based football learning units are effective in
developing adaptation to long-term memory and improving
the quality of students’ tactical knowledge across three levels
of analysis: conceptual content, conceptual sophistication,
and conceptual structure. The TGfU approach, which
emphasizes understanding tactics and decision-making
in games, helps students acquire technical skills more
comprehensively (Menglong & Qianjie, 2022). The Teaching
Games for Understanding (TGfU) approach prioritizes
indirect tactical approaches such as thinking, problem-
solving, and initiative over rigorous technical skills (Harvey
et al,, 2015). The techniques used must be able to stimulate
students’ interest in the subject matter, compared to using
direct teaching techniques (Dignath & Biittner, 2018).

In this context, the specified methods (Teaching Game
for Understanding (TgfU) and 181 physicalliteracy (Mandigo
etal., 2019). According to Barba-Martin et al. (2020), TGfU
as a teaching approach can effectively help students improve
Problem-Based Learning (PBL)) have common features: the
formation of motivation in the educational process leads to
an increase in learning opportunities, which is an element of
problemoriented learning.

TGfU as a teaching approach can effectively help
students improve physical literacy (Mandigo et al., 2019).
According to Barba-Martin et al. (2020), the Teaching
Games for Understanding (TGfU) learning approach assists
both physical education teachers and their students (Barba-
Martin et al., 2020). TGfU has been shown to significantly
increase students’ motivation to participate in sporting
activities (Gaspar et al., 2021). TG{U significantly improves
tactical skills and self-confidence in physical education
students (Bessa et al., 2021).

According to research findings, both the PBL and TGfU
learning models have a considerable impact on improving
fundamental football skills in elementary school students.
Although the two learning models take distinct approaches,
they are both effective in enhancing students’ skills to kick,
control, dribble, pass, and shoot.

In practice, physical education teachers in elementary
schools should consider employing these two learning
models based on their students’ needs and qualities.
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Choosing the correct learning model can help students
improve their fundamental football skills and achieve their
learning objectives.

Conclusion

Based on the data and discussion, it is feasible to
conclude that the PBL and TgfU learning models have
significant effects on fundamental football skills. The TgfU
learning paradigm can be applied in the football learning
process by physical education teachers in primary schools,
according to these findings. TgfU’s student-centred game
method has been shown to improve schoolboy enthusiasm
and active involvement, resulting in the optimal acquisition
of fundamental football skills. This study also proposes that
innovative learning models such as TgfU and PBL should be
included in primary school physical education curricula to
produce more effective learning goals.
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Ak BNNnBa€ 3acTocyBaHHA Moenein opraHisauyii HaB4anbHOro
npouecy «<HaB4aHHA 3a JONOMOroI0 irpOBUX e/IeMEeHTiB AN
TpeHyBaHHA po3yMiHHA» Ta «[IpobnemHO-OpiEHTOBaHe HaBYaHHA»
Ha po3BUTOK pyHAAMeEHTanbHNX PyTO6ONbHNX HABUYOK Y pisnuHOMy
BnxoBaHHi? lpoBeieHHA aHaNi3y B KOHTEKCTi NOYaTKOBOI LUKONN

Hypxapi Canroco'**PE, Apic ®amxap [Tam6yai'®PE, Xepi Moro ITpasmi'®°k,
Hyp Cira Yrami'®"%, [leBanra KOgictipa?®"t, Jla Onge Apni Bipama®*P®

!TI>kOK’ AKapPTChKUI AepyKaBHUI YHiBEepCUTET
*CypabalicbKuil iep)KaBHIIT YHiBepCUTET

*KeHpapiiicbkmit iep>kaBHUI iCTTaMCbKUIT iHCTUTYT

ABTOpChKMIT BRI A — nu3aiis gocnipkenns; B — 36ip ganux; C - cratananis; D - migroroska pykomucy; E - 36ip komrris

Pedepar. Crartsi: 6 ., 6 TabIL., 27 AXKeperL.

Merta pocmigxeHHa. MeTa [OCTiPKeHHS HO/IATaNa Yy BUBYEHHI BIUIMBY 3aCTOCYBaHHS MOJEJell HaBYa/JbHOTO IPOLECY,
a came «HaBuaHHA 3a JOIIOMOr0I0 irpOBNUX eeMEHTIB /1A TpeHyBaHHA posyMinHsA» (Teaching Game for Understanding, TGfU)
ta «[IpobneMHO-opieHTOBaHe HaBuyaHH:A» (Problem-Based Learning, PBL) Ha 3acBO€HHs y4HAMM ITOYAaTKOBYX K/IaciB OCHOBHIMX
Gy TOONBHIX HABUYOK Y (i3YHOMY BUXOBaHHI.

Marepianu Ta Mmetogu. [IpencrasieHa po60Ta BiTHOCUTBCS [0 KaTeropil eKcIriepuMeHTanbHIX HOCII/PKeHb. []/1s1 IpoBefjeHHs
TOCTifIKeHHA BUKOPUCTOBYBABCA KBasieKCIepyMeHTabHUI MeTOZl. Y AOCTi)KeHH] B3AMM y9acTh 46 y4HIB ITOYaTKOBOI IIKO/N
BikoM 10-11 pokiB. 3 46 gocmipKyBaHux — 23 y4Hi HaBYaIMCA i3 3aCTOCYBAHHAM MOJierli TPO6IEMHO-OPiEHTOBAHOTO HaBYAHHS,
a 23 yJacHUKY HaBYa/INCA 3a METOAMKOIO BITPOBA/P)KEHHS irpOBMX €IeMEHTIB J/I1 TPeHYBaHHA PO3YMiHHA.

Pesynbrarn. PesynbraTy focmimyKeHHA IOKasany, mo: (1) Mogens HaBuaHHs PBL Maa 3HauHUII BIUIMB Ha (l)yHnaMeHTaani
byT601bHI HaBnuKy y BisvYHOMY BUXOBaHHI 3 p-3HadeHHAM 0,000 < 0,05; (2) mogenb HaBuyanHA TGfU Takox mpopeMoHcTpyBana
icroTHuit Biius Ha QyHgamMenTaabHi GyT60IbHI HaBMYKY 3 p-3HadeHHsM 0,000 < 0,05; (3) criocTepiranacs 3HaYHA PISHMLIS MK
mopensamu HapyaHHA PBL Ta TGfU mopno dynnamMenTanbHnx GpyTO0nIbHIX HABUYOK 3 p-3HaueHHAM 0,000 < 0,05, a pisHuIp Mix
JBOMa rpymnamy cranosua 10,69.
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BucHoBKu. 3rifHo 3 orprMaHuMy pesyinbraramu, Mogeni HaBdaHHs PBL ta TGfU maroTh HO3MTVUBHNIT BIUIMB HA PO3BUTOK
¢dyHIaMeHTaTbHUX QY TOONLHIX HABUYOK.

Kirouosi cnmoBa: mpo6neMHO-OpieHTOBaHe HaBYaHHsI, HABYAHHA 3a JOIIOMOTOIO iIrPOBMX €/IeMEHTIB [/l TPeHYBaHHS PO3y-
MiHH:A, QYHAaMeHTa/IbHI HABMYKM, Pi3YHe BUXOBAHH.
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Abstract

Objectives. This study aimed to examine research trends around nature-based tourism, event-based sports tourism,
and their relationship with government policies to identify potential opportunities for sustainable sports tourism

development in Papua.

Materials and methods. The methodological approach comprised using a bibliometric analysis by reviewing

997 scientific articles sourced from Scopus, PubMed, and Web of Science databases from 2014-2024. Harzing’s
publish or Perish software was used to sort the articles, and VOSviewer software was used to analyze the articles.
The review included the number of cluster groups, research themes related to sports tourism in the year groups,
research trends around nature-based sports tourism, and gaps in sports tourism development.

Results. There were eight cluster groups and five groups. The current research trends in the field of sports tourism
comprise event-based sports tourism, nature tourism, the tourism industry, and social media. The research trends
related to nature-based sports tourism include six keywords, namely nature-based tourism, nature connectedness,
nature sport, nature-based events, nature-based recreation, and nature. Visitors, managers, communities, and

governments benefit from the health and economic advantages of nature-based sports tourism. In developing nature-
based sports tourism, it is essential to consider the sustainability of nature, cultural characteristics, and the form of
activities offered. Local governments need to take part in efforts to develop and preserve nature-based sports tourism.

Conclusions. The development of nature-based sports tourism with traditional sports activities has a great
opportunity to be enhanced. This innovation certainly needs careful planning from determining goals, human
resources, risk factors, and presenting an effective promotional strategies. The involvement of local government can

facilitate the implementation of this planning.

Keywords: sports tourism, sports events, government policies, research trends, bibliometric analysis.

Introduction

Sports tourism can be defined as a tourism activity fol-
lowed by sports activities (Higham & Hinch, 2018). Sports
activities include recreational sports presented by the tourist
attraction manager. The form of recreational sports provided

© Guntoro, T. S, Prasetyo, Y., Putra, M. E P, Nurhidayah, D.,
Sinaga, E., Yuliana, E., & Nanda, E A., 2024.
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is adjusted to the opportunities possessed by the tourist at-
traction. For example, mountain tourism objects have the
potential for tracking and hiking activities, marine tourism
objects have the potential for surfing, diving, and water activ-
ities, and river tourism objects have the potential for tubing,
kayaking, and rafting activities (Eriksson & Balslev Clausen,
2024; Philippe, 2024). The potentials of tourism objects need
to be well developed, to optimize their potential (Brovina &
Sallaku, 2024; Raso & Cherubini, 2023). In addition to rec-
reational activities, sports tourism activities are also carried
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out to observe or participate in competitive sports activities
and festival sports (Guan & Zhang, 2024; Guntoro et al.,
2023; Kogoya et al., 2022; Sylvana Yaka Saputra et al., 2023).
Sports tourism activities with this concept will bring new
experiences related to sports culture in a country.

Sports tourism has contributed to the promotion of a
healthy lifestyle with all forms of activities provided (Palmer
et al., 2021). Outdoor activities packaged in the form of tour-
ism have their appeal for tourists to visit (Hall & Brown, 2022).
Sports activities, which have a description in the form of tir-
ing physical activity, become more comfortable with tourism
packaging (Mason & Neumann, 2024). This is because attrac-
tively presented sports tourism packaging can divert the re-
sponse from sports activities. Therefore, it is important to have
human resources who have high creativity and innovation in
the development of sports tourism (Tsekouropoulos et al.,
2022). The development of sports tourism is widely practiced
by various countries because the development of tourist at-
tractions will have an impact on increasing tourist visits (Aro-
wosafe et al., 2022). Increased tourist visits will bring benefits
to accommodation providers, culinary providers, and service
providers (Raso & Cherubini, 2023; Roman et al., 2022).

These benefits will ultimately have an impact on
improving the economy of the community and the country
(Mair et al., 2023). Tourism development with various
approaches has been carried out by several countries,
such as nature-based recreational sports tourism, season-
based recreation, culture-based recreation, religious-based
recreation, and history-based recreation (Li & Ito, 2023;
Mzembe et al., 2023; Schwietering et al., 2023; Wailmi et al.,
2024). All forms of development approaches must certainly
continue to consider the sustainability of tourist attractions
(Eriksson & Balslev Clausen, 2024). Nature-based sports
tourism is a good sports tourism development developed in
every country to optimize its natural potential (Guntoroetal.,
2023). Natural beauty around the world has its potential and
attractiveness. The design developed has its characteristics
and has a great influence on attracting tourists to visit.

A review of research trends on the design of nature-
based sports tourism over the past ten years is necessary to
see the factors that influence success and failure. In addition,
a review of previous research was conducted to look at
elements that have a relationship with the basic theme. This
review was also conducted to find future research gaps from
the structured review. Bibliometric analysis is one analysis
that can be used to find out the elements related to a topic to
be examined (Ercan, 2023; Zhang et al., 2023). This analysis
is widely used by previous researchers and is the basis for the
research to be carried out.

Materials and Methods

This study aims to examine research trends around
nature-based tourism, event-based sports tourism, and its
relationship with government policy to see opportunities for
sustainable sports tourism development. A literature review
with a bibliometric analysis approach was used in this study.

Data Source

The data sources used in this study came from the
Scopus, Web of Science, and PubMed databases. Articles

published in these databases have high standards because
they have gone through several assessments by competent
reviewers. In addition, articles published in these databases
have a high and comprehensive impact factor. So that the
articles published in the databases are worthy of being used
as a source of further study.

Software

The software used in this research is Harzing Publish
or Perish and VOSviewer. The functions and uses of each
software can be seen in the following subchapters:

Harzing Publish or Perish

Sorting articles in literature review research is very im-
portant to find quality research results. Researchers can sort
articles on publisher websites manually or using software.
Harzing Publish or Perish is software that functions to sort
articles published on several databases. By using this soft-
ware, researchers can filter articles according to the desired
database. The use of keywords and database selection to filter
articles greatly affects the results of the articles obtained.
Some researchers use several databases to get articles that
can represent the source of the study.

VOSviewer

Novelty in research is a must-have in research. VOS-
viewer is a software that serves to map research based on
networks and to visualize research mapping. This software
is widely used by researchers to find empty gaps in the re-
search theme to be studied. With the discovery of gaps in the
research theme to be studied, the research to be carried out
has the potential to have novelty.

Procedure

Researchers determine the theme of the research to
be studied, in this study researchers used the theme “sport
tourism” as a keyword. Furthermore, researchers determine
the database that will be used in sorting research articles, the
databases used by researchers in this study are Scopus, Web
of Science, and PubMed. Researchers used harzing publish
or perish software to sort articles with predetermined themes
with publication years 2014-2024.

Total of 1567 articles were obtained from the Scopus
database, 577 articles were obtained from the WOS database,
and 105 articles from the PubMed database. After sorting
in each database, the resulting articles were then saved for
sorting. Articles that are not suitable for the research topic
are eliminated, and the appropriate articles are then analyzed
using VOSviewer. A total of 997 articles were analyzed using
VOSviewer software. Analysis using VOSviewer was carried
out to obtain the distribution of the number of studies in each
year, cluster groups, research trends each year, the density
of research themes related to the main keywords, research
trends to be analyzed more deeply, and empty gaps for
further research. The theme of nature-based sports tourism
research is studied more in-depth manually, considering that
the theme has a large gap for further research. An overview
of the research procedure can be seen in Figure 1.
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Fig. 2. Distribution of the number of articles each year Cluster group

Results

Evolution of Scientific Research on
Sports Tourism 2014-2024

The distribution of the number of studies related to
sports tourism each year can be seen in Figure 2. In 2014
there were 105 articles related to research topics, in 2015
there were 94 articles related to research topics, in 2016
there were 105 articles related to research topics, in 2017
there were 98 articles related to research topics, in 2018
there were 86 articles related to research topics, in 2019
there were 117 articles related to research topics, in 2020
there were 3 articles related to research topics, in 2021 there
were 6 articles related to research topics, in 2022 there were
142 articles related to research topics, in 2023 there were
75 articles related to research topics, and in 2024 there were
168 articles related to research topics.

The results of the VOSviewer analysis in the form of
network visualization can be seen in Figure 3. Each keyword
is marked with a circle label that has been set by the system.
The size of the circle label indicates the number of studies
that have studied the keyword. Some keywords are not visible
in the image because of the overlap between keywords.
The color of each circle or label indicates the cluster group.
The net lines between keywords show the relationship
between keywords.
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Fig. 3. Network visualization

Based on the results of the analysis using VOSviewer,
a network visualization with eight cluster groups was
obtained. Each cluster consists of interconnected keywords.
Cluster groups can be seen based on the color of the net on
each keyword or element depicted. Cluster grouping can be
seen in Table 1.
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Table 1. Elements in each cluster

No Cluster Elmenets

1 Red cluster Sports tourism, tourism, covid-19, destination management, China, leisure, climate change, sporting events,
winter tourism, hiking, active tourism, adaptation, sport, social media, destination competitiveness, heritage,
environment, physical activity, memory, development, hiking, authenticity, ecotourism, tourists, winter sport,
ski resorts, competitiveness, adaptation, social impact, active tourism

2 Pink cluster ~ Sports tourism, surf tourism, serious leisure, travel behavior, event experience, sport event, mega event,
media, event leveraging

3 Blue cluster Rural tourism, event management, perception, sustainable tourism, sustainable development, nature-
based tourism, recreation, urban development, market segmentation, factor analysis, physical education,
motivation, place attachment, sport tourists, challenge football, event image, destination loyalty, tourist
satisfaction, destination image, event quality, perceived value, nostalgia, cluster analysis, segmentation, sport
event tourism, behavioral intentions, mega sports event

4 Green cluster  Quality oflife, support, world cup, mega-event, service quality, running, artificial intelligence, tourism, industry,
management, Olympic games, legacy, sport event, sport, event, volunteers, motivations, Olympic, impact

5 Yellow cluster ~ Gender, nature, education, economic impact, cultural tourism, martial art, adventure tourism, surfing, content
analysis, low, wellness tourism, gis, ice and snow tourism

6 Purple cluster  Literatur review, sport management, leveraging, innovation, sustainability, event tourism, cycling, tourism
development, surf tourism, community development, stakeholders, entrepreneurship, sports event

7 Orange Cluster Destination marketing, destination, active sport tourism, event portfolio, trail running, mountain biking,
south Africa, cycling tourism, revisit intention, virtual reality, augmented reality

8 Brown cluster ~ Golf, FIFA World Cup, social exchange theory, image, social impact, quality, scale development, golf tourism,

loyalty, satisfaction, experience

Table 2. Theme grouping for each year

No

Years

Elements

1

2014-2015

2016-2017

2018-2019

2020-2021

2022-2024

Memory, heritage, ecotourism, nature-based tourism, mountain biking, travel behavior, scale development,
social impact, rural tourism, leveraging, legacy.

Service quality, management, legacy, event, sport event, event, mega event, cycling, image, quality,
segmentation, golf tourism, serious leisure place attachment, economy impact, social impact, cultural
tourism, martial art, tourists, content analysis, world cup.

Support, mega-event, running, media, world cup, mega event, social capital, sports events, sport, volunteers,
motivations, golf, destination management, tourism, stakeholders, satisfaction, destination marketing,
urban development, south Africa, market segmentation, trail running, augmented reality, event portfolio,
recreation, ski resorts, winter sport, adventure tourism, winter tourism, climate change, China, leisure.

Quality of life, Olympics, impacts, motivations, FIFA World Cup, social exchange theory, tourism
development, behavioral intentions, destination image, event quality, experience, destination loyalty, college
football, sports tourism, lifestyle, revisit intention, virtual reality, physical education, systematic review, tourist
satisfaction, event tourism, event leveraging, sports events, adaptation, gis, sustainable development surfing,
competitiveness, innovation, hiking, education, destination management, destination competitiveness,
education, physical activity, environment, ice and snow tourism.

Event image, event leverage, literature review, flow, decision making, entrepreneurship, covid-19, gender,
nature, social media, tourism industry, artificial intelligence.

Research Trends in the Year Group

Overlay visualization illustrates the history of research.
Based on the results of the analysis using VOSviewer, the

support

worldcup socialigapital

overlay visualization results are obtained from 2014 to olympicgames sporggyencs @
2024. The color setting on each label or keyword shows the e v
history of the research topic. The blue color shows research R 0 R

in 2014-2015, light blue color shows research in 2016- I T
2017. The green color indicates research in 2018-2019, the sl spoffiiilirism e Trene - T
green color indicates research in 2020-2021, and the orange o, S s i it S g
color indicates research in 2022-2024. An overview of the e Sl e e
distribution of overlay visualization can be seen in Figure 4. T g 9

keywords or research elements related to sports tourism

The overlay visualization results show an overview of

eyclingtourism

& VOsviewer augmented reallty [ —

based on the year. The grouping of elements or keywords
based on history or years of research can be seen in Table 2.

Fig. 4. Overlay visualization
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Research Trends Around Nature-Based Sports Tourism

The research topics studied in more depth are research trends around nature-based sports tourism. The findings and
suggestions on the research related to the chosen theme are presented in Table 3 below.

Table 3. Research findings and suggestions around nature-based sports tourism

No Name/Years Methods Findings and suggestions
1 Klauco etal,, 2017 Planning or part of the Land planning for recreational activities based on an ecological approach includes spatial
development method analysis, interpretation, evaluation, and review of recreational activity suggestions.
Recreational activities are adapted to the season. Nature-based recreational activities include
skiing, hiking, water sports, and fishing. The recreational activities that can be presented
every season are therapeutic. All activities provided do not cause any impact (Bausch &
Unseld, 2018).

2 Bausch & Unseld, Qualitative Winter sports tourism is an economic sector supplier across the world’s mountain ranges.
2018 Skiing is the activity of choice for winter visitors. In addition, activities related to relaxation

and the development of sustainable winter sports tourism are expected by visitors.

3 Huhta & Sulkava, Longitudinal study Nature-based recreational tourism in and near protected areas has negative impacts on the

2014 environment, biodiversity, and landscape fragmentation in the absence of clear government
regulation. This can be caused by disturbances caused by recreational activities such as
making campfires.

4 Stojanovi¢ et al., Prism of Sustainability Nature, socio-cultural, sociocultural, and tourist destinations are factors that influence

2024 (PoS) model residents’ and visitors’ satisfaction with sustainable tourism. Forms of tourism such as
recreational sports, ecotourism, bird watching, events, culture, and gastronomy, can provide
environmental, economic, and social benefits in protected areas that are used as tourist
attractions.

5  Ponting & Evaluation The importance of government regulation in maintaining the sustainability of nature-based

O’Brien, 2014 sports tourism (nature-based tourism).

6  Houge Mackenzie Literature review Adventure sports tourism positively influenced hedonic and eudaimonic psychological well-

etal., 2023 being through the satisfaction of basic psychological needs and connectedness with nature.
Future research on the development of adventure sports tourism would do well to examine
its benefits on psychological well-being (nature connectedness).

7 Wagner, 2024 Intersectionality of Geographical characteristics and cultural characteristics affect the character of tourism

study objects. The role of tour guides is very important in giving an impression to tourists. A good
impression given by a tour guide can have an impact on return visits. (nature sport).

8  Schwietering et Survey The importance of the diversity of digital tools used to support outdoor activities. Tourism

al.,, 2023 managers need to consider the use of digital tools to monitor the presence of visitors to be
effective in traveling in nature conservation tourism objects (nature sport).

9  Melo & Gomes,  Survey Nature and adventure were indicated as the main reasons for engaging in nature sports, but

2017 time and cost constraints were the main obstacles to participating in nature sports (nature
sport).

10 Eriksson & Balslev Survey Sporting events have impacts such as waste and greenhouse gas emissions. An even bigger

Clausen, 2024 impact is damage to the environment and public facilities. Participants generally assign
responsibility for these issues to the event organizers. However, it is important to educate
participants or visitors to sport tourism events to preserve nature and public facilities
(nature-based event).

11  Roman etal, 2022 Literature review Surfing-related research topics have continued to grow since the 21% century, and the
management of these tourist destinations needs to be considered to ensure the sustainability
of tourist attraction development. Good collaboration between managers, communities,
and stakeholders is a factor that can affect the sustainability of tourism (nature-based
recreational).

12 Rojo-Ramos etal.,, Survey Tourist attraction managers need to study the characteristics of tourists who visit, this is

2023 done to adjust the services that are adjusted to the tourist attraction. That way tourist visits
will increase (Nature).

13 Stumpf & Linear Model witha  Environmental changes and environmental conditions affect visitor satisfaction. Tourist

Kubalova, 2024 logit link function attraction managers need to carry out promotions related to the activities presented in
nature tourism. Sports activities to maintain health and lifestyle are activities that many
tourists want.

14  Philippe, 2024 Study Case The role of sports associations in preserving the environment amid the development of
recreational sports in the natural environment is good work. Natural damage can occur in
the process of developing tourist attractions if the use of heavy equipment is not supervised.

15  Quezada- Evaluation Adventurous nature activities organized through travel to places that are natural and exotic,

Sarmiento et al.,
2024

accessible and rugged, generating adrenaline when doing extreme sports.
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Discussion

The nature-based sports tourism trend is a tourism
activity that presents outdoor activities in the form of
recreational sports. Recreational sports are packaged in the
form of adventure, hiking and camping, water games, surfing,
skiing, and others (Quezada-Sarmiento et al., 2024; Roman
et al,, 2022). The specified activities are generally adapted to
the conditions of natural attractions, culture, geographical
characteristics, and sociocultural (Stojanovi¢ et al., 2024).
The selection of activities is also determined by adjusting
the season (Bausch & Unseld, 2018). Activities carried out in
nature will certainly affect the sustainability of nature. Risk
factors for natural damage to tourist attractions are often
found, so supervision and regulation from tourist attraction
managers and the government are needed (Philippe, 2024).
Regulatory rules related to sports tourism activities in the
natural environment need to be emphasized to managers
and users by establishing regulations for negligent acts of
managers or visitors that have an impact on environmental
damage (Hu et al., 2022).

Sports tourism activities in nature can relax the
mind which will have a positive effect on psychological
conditions that are stressed due to work. Not infrequently
the activities provided in nature-based sports tourism can
spur adrenaline. Nature-based sports tourism activities
are also beneficial for improving physical health (Houge
Mackenzie et al., 2023). This is because physical activity will
affect fitness. The benefits of nature-based sports tourism
are not only obtained by visitors, but the surrounding
community, managers, and government also benefit from
nature-based sports tourism activities (Mason & Neumann,
2024). The management of nature-based sports tourism
requires many competent natural resources in the fields
of management, finance, promotion, and law (Roman
et al,, 2022). In its implementation, it certainly requires
many employees in each field, which in turn will create
new jobs (Qwatekana & Tshikovhi, 2024). In addition, the
surrounding community also gets a positive impact from
selling souvenirs and providing accommodation in the form
of lodging and transportation (Tiku & Shimizu, 2020). The
many benefits of organizing nature-based sports tourism
open up opportunities for communities and governments in
areas that have natural potential (Huhta & Sulkava, 2014).
However, nature conservation needs to be considered in the
development of nature-based sports tourism.

The Gap in Sports Tourism Development

Based on a review of previous research on nature-
based sports tourism, the research trend has good benefits
for visitors, organizers, communities, and governments
(Ponting & O’Brien, 2014). Although the activities organized
in some countries include cultural and sociocultural-based
activities, the activities presented are only adapted to the
needs of activities in certain seasons of nature (Stojanovi¢
et al., 2024; Wagner, 2024). The difference in culture and
seasons in European countries and Indonesia raises new
opportunities for the development of sports-based tourism.
Opportunities for the development of nature-based tourism
in Indonesia are by including elements of culture and local
wisdom as a specialty (Guntoro et al., 2023). Indonesia is

one of the countries in the Southeast Asian region that has a
variety of cultures and traditional games (Kusumawardhana
et al,, 2021; Prayitno et al., 2024). This diversity can be
expressed in the development of nature-based sports
tourism, considering that the natural beauty in Indonesia
is also diverse and spread throughout the territory of the
unitary state of Indonesia.

Opportunities for the development of nature-based
sports tourism with a cultural approach and traditional games
need to be launched and planned. Planning the development
of nature-based sports tourism requires collaboration from
developers, communities, sponsors, academics, and the
government (Philippe, 2024; Ponting & O’Brien, 2014).
Reviewing opportunities and risk factors from a variety of
perspectives is necessary for a good nature-based sports
tourism design (Klauco et al., 2017; Wagner, 2024). With an
innovative nature-based sports tourism design, it will have
a positive impact on tourist interest in visiting. Increased
tourist visits will have a positive impact on the economy of
the community and the country.

Conclusions

Visitors, managers, communities, and governments
benefit from nature-based sports tourism. Sports in tourist
attractions can have a positive effect on the physical and
psychological health of visitors. Managers and surrounding
communities benefit economically from the development of
nature-based sports tourism. The development of nature-
based sports tourism needs to consider the preservation of
nature, cultural characteristics, and the form of activities
offered. Local governments need to take part in efforts
to develop and preserve nature-based sports tourism.
The development of nature-based sports tourism with
traditional sports activities has a great opportunity to be
developed. This innovation certainly needs careful planning
from determining goals, human resources, risk factors, and
promotion. This planning will certainly run well with the
support of the local government.

Acknowledgment

The research team would like to thank the Ministry
of Education, Culture, Research and Technology
(KEMENDIKBUDRISTEK) for research funding through
the Directorate of Research, Technology and Community
Service (DRTPM) with the main contract number 046/E5/
PG.02.00.PL/2024 and derivative contract number 545/
UN20.2.1/PG/2024. The research team would also like to
thank the Institute for Research and Community Service
(LPPM) of Cenderawasih University for facilitating the
process of applying for research grants and community
service in 2024.

Conflict of interest

All authors declare no conflict of interest.

References

Higham, J., & Hinch, T. (2018). Sport Tourism Development
(3rd edition). Channel View Publicarions.

804



Guntoro, T. S., Prasetyo, Y., Putra, M. F. P, Nurhidayah, D., Sinaga, E., Yuliana, E., & Nanda, F. A. (2024). Identifying Opportunities for
Developing Nature-Based Sport Tourism to Improve Health in Papua: A Bibliometric Analysis of Research Over Ten Years

Eriksson, A., & Balslev Clausen, H. (2024). Nature always
recovers! A degrowth analysis of event participants’
perspective on environmental impacts. Journal of
Outdoor Recreation and Tourism, 45, 100706.
https://doi.org/10.1016/j.jort.2023.100706

Philippe, M. (2024). Le Club Alpin Francais et les Glénans:
Nature Conservation in French Mountaineering and Water
Sports Associations, 1950-1990. Sport History Review,
55(1), 105-126. https://doi.org/10.1123/shr.2022-0040

Brovina, E, & Sallaku, D. (2024). Sports Tourism in Albania: A
Critical Review. Migration Letters, 21(S1), 675-683.

Raso, G., & Cherubini, D. (2023). sport tourism and regional
economic development. Scientific Journal of Sport and
Performance, 3(1), 108-121.
https://doi.org/10.55860/JKWX7277

Guan, Z., & Zhang, L. (2024). The Study for the Analysis of the
Development trend of sports tourism. Academic Journal
of Science and Technology, 9(1), 263-265.
https://doi.org/10.54097/43a49551

Guntoro, T. S., Putra, M. E P,, Nurhidayah, D., Sutoro, S.,
Sinaga, E., Sianga, E. S. G., & Nanda, E A. (2023). The
design of contextual domain tourism sports through
traditional sports in jayapura indonesia. Retos, 52, 164-
170. https://doi.org/10.47197/retos.v52.101626

Kogoya, K., Guntoro, T. S., & Putra, M. E P. (2022). Sports
Event Image, Satisfaction, Motivation, Stadium
Atmosphere, Environment, and Perception: A Study on
the Biggest Multi-Sport Event in Indonesia during the
Pandemic. Social Sciences, 11(6), 241.
https://doi.org/10.3390/so0cscil1060241

Sylvana Yaka Saputra, Muhammad Riyan Hidayatullah, &
Lalu Moh Yudha Isnaini. (2023). Analisis Kesiapan
Sport Tourism Pantai Senggigi Lombok Barat Pada Era
Kenormalan Baru. SPRINTER: Jurnal llmu Olahraga,
4(1), 7-13. https://doi.org/10.46838/spr.v4i1.285

Palmer, D., Cooper, D. J., Emery, C., Batt, M. E., Engebretsen,
L., Scammell, B. E., Schamasch, P, Shroft, M., Soligard,
T., Steffen, K., Whittaker, J. L., & Budgett, R. (2021). Self-
reported sports injuries and later-life health status in 3357
retired Olympians from 131 countries: a cross-sectional
survey among those competing in the games between
London 1948 and PyeongChang 2018. British Journal of
Sports Medicine, 55(1), 46-53.
https://doi.org/10.1136/bjsports-2019-101772

Hall, J., & Brown, K. M. (2022). Creating feelings of inclusion
in adventure tourism: Lessons from the gendered sensory
and affective politics of professional mountaineering.
Annals of Tourism Research, 97, 103505.
https://doi.org/10.1016/j.annals.2022.103505

Mason, C. W., & Neumann, P. (2024). The Impacts of Climate
Change on Tourism Operators, Trail Experience
and Land Use Management in British Columbia’s
Backcountry. Land, 13(1), 69.
https://doi.org/10.3390/1and13010069

Tsekouropoulos, G., Gkouna, O., Theocharis, D., & Gounas, A.
(2022). Innovative Sustainable Tourism Development and
Entrepreneurship through Sports Events. Sustainability,
14(8), 4379. https://doi.org/10.3390/su14084379

Arowosafe, F, Akinwotu, O., Tunde-Ajayi, O., Omosehin,

0., & Osabuohien, E. (2022). Push and pull motivation
factors: a panacea for tourism development challenges in
Oluminrin waterfalls, Nigeria. Journal of Policy Research

in Tourism, Leisure and Events, 14(1), 63-74.
https://doi.org/10.1080/19407963.2021.2017729

Roman, C., Borja, A., Uyarra, M. C., & Pouso, S. (2022).
Surfing the waves: Environmental and socio-economic
aspects of surf tourism and recreation. Science of The
Total Environment, 826, 154122.
https://doi.org/10.1016/j.scitotenv.2022.154122

Mair, J., Chien, P. M., Kelly, S. J., & Derrington, S. (2023).
Social impacts of mega-events: a systematic narrative
review and research agenda. Journal of Sustainable
Tourism, 31(2), 538-560.
https://doi.org/10.1080/09669582.2020.1870989

Li, H., & Ito, H. (2023). Visitor’s experience evaluation of
applied projection mapping technology at cultural
heritage and tourism sites: the case of China Tangcheng.
Heritage Science, 11(1), 52.
https://doi.org/10.1186/540494-023-00898-4

Mzembe, A. N., Koens, K., & Calvi, L. (2023). The institutional
antecedents of sustainable development in cultural
heritage tourism. Sustainable Development, 31(4), 2196-
2211. https://doi.org/10.1002/sd.2565

Schwietering, A., Steinbauer, M., Mangold, M., Sand, M.,
& Audorft, V. (2023). Digitalization of planning and
navigating recreational outdoor activities. German
Journal of Exercise and Sport Research.
https://doi.org/10.1007/s12662-023-00927-1

Wailmi, K., Mahmudin, T., Novedliani, R., Randi, R., &
Samaduri, L. (2024). Dark Tourism as a Tourism and
Culture Development Strategy in Indonesia. Reslaj:
Religion Education Social Laa Roiba Journal, 6(3), 2191-
2200. https://doi.org/10.47467/reslaj.v6i3.6054

Ercan, F. (2023). Smart tourism destination: A bibliometric
review. European Journal of Tourism Research, 34, 3409.
https://doi.org/10.54055/ejtr.v34i.2788

Zhang, S., Liang, J., Su, X., Chen, Y., & Wei, Q. (2023).
Research on global cultural heritage tourism based on
bibliometric analysis. Heritage Science, 11(1), 139.
https://doi.org/10.1186/s40494-023-00981-w

Klauco, M., Gregorova, B., Koleda, P., Stankov, U., Markovic,
V., & Lemenkova, P. (2017). Land Planning As A Support
For Sustainable Development Based On Tourism: A Case
Study Of Slovak Rural Region. Environmental Engineering
and Management Journal, 16(2), 449-458.
https://doi.org/10.30638/eem].2017.045

Bausch, T., & Unseld, C. (2018). Winter tourism in Germany
is much more than skiing! Consumer motives and
implications to Alpine destination marketing. Journal of
Vacation Marketing, 24(3), 203-217.
https://doi.org/10.1177/1356766717691806

Hubhta, E., & Sulkava, P. (2014). The Impact of Nature-Based
Tourism on Bird Communities: A Case Study in Pallas-
Yllastunturi National Park. Environmental Management,
53(5), 1005-1014.
https://doi.org/10.1007/500267-014-0253-7

Stojanovi¢, T., Trisi¢, I, Brdanin, E., Steti¢, S., Nechita, F, &
Candrea, A. N. (2024). Natural and Sociocultural Values
of a Tourism Destination in the Function of Sustainable
Tourism Development—An Example of a Protected Area.
Sustainability, 16(2), 759.
https://doi.org/10.3390/5u16020759

Ponting, J., & O’Brien, D. (2014). Liberalizing Nirvana: an
analysis of the consequences of common pool resource

805



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 5

deregulation for the sustainability of Fiji’s surf tourism
industry. Journal of Sustainable Tourism, 22(3), 384-402.
https://doi.org/10.1080/09669582.2013.819879

Houge Mackenzie, S., Hodge, K., & Filep, S. (2023). How
does adventure sport tourism enhance well-being? A
conceptual model. Tourism Recreation Research, 48(1),
3-16. https://doi.org/10.1080/02508281.2021.1894043

Wagner, F. (2024). Cowboy professionalism: a cultural study of
big-mountain tourism in the last frontier. Journal of the
Philosophy of Sport, 1-17.
https://doi.org/10.1080/00948705.2024.2334884

Melo, R., & Gomes, R. (2017). Nature sports participation:
Understanding demand, practice profile, motivations and
constraints. European Journal of Tourism Research, 16,
108-135. https://doi.org/10.54055/ejtr.v16i.281

Rojo-Ramos, J., Gomez-Paniagua, S., Guevara-Pérez, J.
C., & Garcia-Unanue, J. (2023). Gender Differences
in Adventure Tourists Who Practice Kayaking in
Extremadura. International Journal of Environmental
Research and Public Health, 20(5), 3889.
https://doi.org/10.3390/ijerph20053889

Stumpf, P, & Kubalova, T. (2024). Tangible or intangible
satisfiers? Comparative study of visitor satisfaction in a
nature-based tourism destination in the pre- and during-
COVID pandemic. Journal of Outdoor Recreation and
Tourism, 46, 100777.
hitps://doi.org/10.1016/j.jort.2024.100777

Quezada-Sarmiento, P. A., Armijos-Jaramillo, A. M., Chango-
Canaveral, P. M., Alejandra Longa-Lépez, R., Salas-

Alvarez, W. T., & Pomboza-Tamaquiza, P. P. (2024).
Adventure Tourism in Santo Domingo Province Based in
an Educational Proposal (pp. 153-161).
https://doi.org/10.1007/978-981-99-9765-7_14

Hu, B,, He, E,, & Hu, L. (2022). Community Empowerment
Under Powerful Government: A Sustainable Tourism
Development Path for Cultural Heritage Sites. Frontiers in
Psychology, 13. https://doi.org/10.3389/fpsyg.2022.752051

Qwatekana, Z., & Tshikovhi, N. (2024). Tourism Under Siege:
Impact of Climate Change on the Global South Tourism
Sector. In Future Tourism Trends Volume 1 (pp. 19-31).
Emerald Publishing Limited.
https://doi.org/10.1108/978-1-83753-244-520241002

Tiku, O., & Shimizu, T. (2020). Tourism, accommodation, and
the regional economy in Indonesia’s West Papua. Island
Studies Journal, 15(2), 315-334.
https://doi.org/10.24043/isj.124

Kusumawardhana, I., Lemy, D. M., Nathalia, T. C., & Kristiana,
Y. (2021). Towards a common goal for a sustainable
tourism destination: Case study of Biak Numfor,

Papua, Indonesia. IOP Conference Series: Earth and
Environmental Science, 729(1), 012097.
https://doi.org/10.1088/1755-1315/729/1/012097

Prayitno, G., Auliah, A, Ari, I. R. D, Effendi, A., Hayat, A.,
Delisa, A., Siankwilimba, E., & Hiddlestone-Mumford,
J. (2024). Social capital for sustainable tourism
development in Indonesia. Cogent Social Sciences, 10(1).
https://doi.org/10.1080/23311886.2023.2293310

Bu3HauyeHHA MOXXNMBOCTEN PO3BUTKY CMOPTUBHOIO NPUPOAHO-
OpPiEHTOBAHOro TYpMU3MYy LWOAO0 NOKPAaLLEeHHA CTaHy 340pPOB’A
B Manya: bi6niomeTpuuHnin aHani3 gocnigKeHb 3a AeCATb POKIB

Tpi Cetno I'ynropo'*PE, IOnik IIpaceTno* P, Midrax ®apis IIpima ITyrpa’cPF,
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*[IKOK IKapTChKMIT Jlep>KaBHUI YHIBepCUTET
3JI>KaKapTChKUIl Iep)KaBHMIT YHIBepCUTET
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Pedepar. Crarts: 9 c., 3 Tabn., 4 puc., 38 mxeper.

Mera gocmimkeHHs. MeToo IIbOro fOC/I/PKeHH s 6y/I0 BIBYEHHS HAyKOBMX TEHJEHIIilT y ra/Ty3sX IPUPOLHO-OPIEHTOBAHOTO
TYPU3MY, CIOPTUBHOTO IIO/{iEBOTO TYPMU3MY, @ TAKOXK IXHBOTO 3B SI3KY 3 [eP>KaBHOIO ITO/TITUKOIO 1IO/I0 BU3HAYEHHs IIOTEHIIITHIX
MOXX/IMBOCTEIA [/ CTA/IOT0 PO3BUTKY CIIOPTUBHOIO Typusmy B Ilamya.

Marepianu ta MmeTogu. MeTOIOMOTIYHMIT TTi/IXi/T BK/TIOYaB B cebe IPOBEJEHHA 6i6niOMeTquHor0 AHaJIi3y IJIAXOM OITIALY
997 HayKOBUX CTaTell, OTPMMAHNUX 3 HAYKOMeTpUIHMX 6a3 faHux Scopus, PubMed ta Web of Science y nepiog 3 2014 mo 2024 pix.
Jlyist copryBaHHs cTateit 6y/10 3aCTOCOBaHO IporpaMue 3abesnedenns Harzing’s publish or Perish, a nist ananisy crareit — mpo-
rpamHe 3a6esnedents VOSviewer. JJo aHasi3y 0y/10 BKIIOYEHO KiNbKiCTh KIACTEPHMX IPYIL, ZOCTIAHUIIBKI TeMAaTHKY, IOB sI3aHi
31 CIOPTUBHMUM TYPUSMOM Y BifJIIOBIIHUX IPYyIIax 32 pOKaMM, JOCTIJHNALIbKI TEHIEHII I[O/{0 CTIOPTUBHOIO NPUPOJHO-OPIEHTOBA-
HOTO TYPU3MY, @ TAKOXK HasIBHI IIPOTa/IHU Y PO3BUTKY CIIOPTUBHOTO TypPU3MY.

Pesynbratu. ChopMoBaHO BiciM K/1acTepHUX I'PYII Ta I ATh miprpym. CydyacHi JocmifHMIbKI TeHaeHLil y cdepi copTHBHOrO
TYPU3MY OXOIUIIOIOTb CIIOPTUBHUIL MONIi€BUII TYPU3M, IPUPOIHNUI TYPU3M, TYPUCTUYHY iHAYCTpilo Ta colianbHi Mepia. [Jocmizi-
HUIbKI TeH/IeHIIil, OB s3aHi 31 CHOPTMBHMUM IIPYPOIHO-OPIEHTOBAHNM TYPIU3MOM, CK/IAJAI0THCS 3 IIECTH K/II0YOBYX CTIiB, a caMe:
IPYPOHO-OPIEHTOBAHMIL TYPU3M, 3B 30K 3 IIPMPOJIOI0, 3aHATTS CIIOPTOM Ha IPUPOJI, IOAIEBI 3aX0/¥ HA IPUPOJ, O3XOPOBUMIT
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BiZITIOYMHOK Ha IPMUPOJi Ta IPMPOJHE cepeioBulle. BifBinyBaui, MeHepKepy, TpOMajiy Ta YpAAU KOPUCTYIOTHCA 0310POBYMMM
Ta €KOHOMiUYHMMIU IlepeBaraMiu CIOPTUBHOTO IIPUPOJIHO-OPiEHTOBAHOTO Typu3My. Po3BuBaoun cnopTMBHUIT IPUPOHO-OPi€H-
TOBAHMII TypU3M, BOXK/IMBO BPAaXOBYBAaTHU IUTAHHs CTATOCTI IPUPOJZHOTO CEPefOBUIIA, KYIBTYPHIX 0COOMMBOCTEl Ta Gopmu
3aIPOIOHOBAHMX BUJIB aKTMBHOCTL. MiclieBi oprany Bajiy IOBUHHI OpaTu y4acTb y 3aXOfiaX, CIIPSMOBAHMX Ha PO3BUTOK Ta
36epeXXeHHsI CIIOPTUBHOTO MIPUPOJHO-OPIEHTOBAHOTO TYPU3MY.

BucHoBKN. PO3BUTOK CIOPTMBHOIO IPUPOAHO-OPi€HTOBAHOTO TYPU3MY 3 TPAJMLIHMMM BUJAMM CIOPTY MA€ BENUKY
HepCIeKTUBY /IS MOfA/IbIIOTO BAOCKOHATeHHs. Taka iHHOBaLlisl, 6€3yMOBHO, IIOTpeOy€e PeTeIbHOrO IIaHyBaHHSI, IIOYMHAIOYN 3
BU3HAYEHH L]i/Ieil, IIOfICbKUX PecypciB, GaKTOpPiB pU3MKY Ta IPeACTaBIeHHA e()eKTUBHIX CTpaTeriil momyapusanii. 3amydeHHs
OpraHiB MiCI[€eBOTO CaMOBPAYBaHH:A MOYKe CIIPUATY peasi3allii IlaHyBaHHA L[bOTO IPOLieCy.

Kirro4oBi cmoBa: ciopTvBHMI TypusM, CIOPTUBHI MO, ilepy)kaBHA MO/ TUKA, JOCTIFHUIIBKI TeHAeHIiT, 6i0/1ioMe TpyyHmMIT aHaIi3.
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Abstract

Objectives. This study aimed to conduct a bibliometric analysis of the trend of petanque sports from 2011 to
2024 in the Scopus database. The research focused on productivity assessment, publication type, journal ranking,
frequency of publishing, number of citations, study area focus, keywords, and co-authorship.

Materials and methods. This study was carried out using a bibliometric method. The research stages comprised
(1) searching for articles using the Boolean “Petanque” AND “petanque in sport”, (2) inquiry with inclusion criteria
of e-books, short reports, conferences, original articles, literature reviews in English, French, and Spanish from
2011 to 2024, (3) filtering 34 articles, (4) eliminating 19 articles, leaving 15 articles that were considered worthy,
(5) re-filtering and producing the same number, namely 15 articles, and (6) deciding 15 final data articles. Data
collection and analysis techniques used were Mendeley, VOSviewer, and Excel.

Results. In terms of productivity, 3 (20.00 %) documents were identified from 2011, 2021, and 2024; the most
common type of document was original articles, with a total of 13 (86.67 %); the most journal rankings were

in quartile 3 and 4 (30.00 %); the journals most frequently publishing research on petanque included the Journal
of Physical Education and Sport, Ethnologie Francaise, Concurrences, and the International Journal of Human
Movement and Sports Sciences, and Retos, each of which had 2 (13,00 %) documents; while the largest number
of citations was from Pelana et al, with 26 citations. The majority of studies focused on physical, technical, and
biomechanical aspects. The most commonly appearing keywords included performance, athlete, performance
characteristic, sport, optimum group performance, and psychological training plan. Regarding collaboration,

14 researchers were found to be cooperating on the same research topic.

Conclusions. Petanque sports studies still require better research productivity and innovation to improve

information and knowledge.

Keywords: bibliometric analysis, research trends, petanque sport, Scopus database.

Introduction

Petanque sports have emerged as competitive sports
in Indonesia. This can be noticed in competition activities
as petanque sports compete at regional and national levels.
Petanque sports involve throwing iron and wood balls by the
rules set (Soemardiawan & Yundarwati, 2024). Technically,
the sport of petanque is divided into two categories: aiming
and shooting techniques (Soemardiawan & Yundarwati,

© Hafidz, A., Wiriawan, O., Nurhasan, Nurkholis, Nugraha, A. D.,
Purnomo, M., Pratama, R. S., & Yudhistira, D., 2024.
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2024). In this case, there are two types of throwing, namely
shooting and pointing (Soemardiawan & Yundarwati, 2024).
When we consider, petanque sports are dominating in body
motions and physical activities such as physical, technical,
and biomechanical aspects, and so forth. Other aspects
such as psychological, aesthetic, and multidisciplinary
considerations are required to provide information and
generate new science regarding petanque sports.
Furthermore, as an academic, the authors were
encouraged to perform further research on the sport
of petanque through field investigations and document
analysis in the form of relevant articles. Field observations
show that the increase and excitement for the sport of
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petanque is positive, while document analysis in the form
of relevant articles leads the author to conclude that articles
about the sport of petanque are still not optimal. In this case,
it is known that several articles that have been published in
several databases are only limited to conducting analyses
such as pointing motion analysis (Bustomi & Hidayah,
2020), petanque sports management survey (Hervi et al.,
2021), development of a model for android-based petanque
(Wulandari & Wibowo, 2022), and the effect of training with
the obstacle method on pointing (Al bhaikhaqy, Risanggih et
al., 2022). While some of these publications are prominent
in the literature on training method analysis and testing,
other studies, such as the mapping of research patterns in
petanque sports studies using bibliometric analysis, have not
received as much attention.

Recently, the publication style for manuscript writing has
expanded beyond original research and literature reviews.
Academics, on the other hand, are eager to do research using
a bibliometric analysis model. In terms of data search and
filtering, bibliometric research is equivalent to a literature
review. The difference is that a literature review shows the
essence and meaning of data, whereas bibliometrics reveals
the bibliography of a specific field of study, including research
productivity, collaboration patterns, often appearing
keywords, and so on (Donthu et al., 2022)

Therefore, how does it relate to the sport of petanque?
Undoubtedly, it is quite relevant. At first sight, it appears
that research into petanque is already underway. However,
is it only limited to discussing testing a training model and
doing analysis and correlation? Of course, it is not the only
instance when bibliometric analysis is required in the study
of petanque. Given that prior studies have primarily focused
on original research, academics have conducted very few
systematic literature reviews and bibliometric analyses.

According to studies, bibliometric analysis is useful for
synthesizing vast amounts of bibliographic data to interpret
study performance and intellectual structure (Donthu et al.,
2022). Knowledge in the field can be found objectively using
bibliometric analysis, which describes field conditions as
well as social patterns that support knowledge in the field
and map knowledge gaps in the field (Lim, 2024). From
another perspective, bibliometric analysis seeks to undertake
objective assessments and reports on the productivity of
research impacts (Lim, 2024), as well as to determine the
scope and scope of research and biases that have not before
been observed in research (Lim, 2024).

In this context, the authors perceive a gap in bibliometric
research analysis in petanque sports, indicating that such
analysis is required to give information and mapping of
current research trends. As a result, the goal of this work
is to map petanque sports trends from 2011 to 2024 using
bibliometric analysis in the Scopus database. The author
focuses on the Scopus Elsevier database since it is the most
trusted source of bibliometric data for international research
and also provides systematically examined knowledge about
many fields (Tennant, 2020).

The purpose of this bibliometric analysis is to examine
(1) productivity analysis, types of published articles, and
journal rankings, (2) publication popularity by looking at
the number of citations and the focus of petanque research
studies, (3) keyword trends that frequently appear, and
(4) co-authorship patterns. It is expected that this study will

provide further information and insight, as well as increase
publication output, particularly in petanque sports.

Materials and Methods

Study Participants and Organization

Bibliometrics is a problem-solving method employed in
this study (Belfiore et al., 2020; Kussainova et al., 2023). This
study stage included (1) a data search using the Scopus data-
base with the Boolean analysis “Petanque” AND “Petanque
in sport”. The authors employ the Scopus database since the
existing data considerations are complete and reliable after
thorough screening (Bornmann et al., 2013). Stage (2) inves-
tigated data from 2011 to 2024, using research as inclusion
criteria in the form of e-books, brief reports, conferences,
and original articles in English, French, and Spanish. Ar-
ticles that do not match the requirements are removed as
exclusion criteria. In stage 3, the authors screen eligible data.
In this stage, the authors obtain preliminary data from the
Scopus database spanning 2011 to 2024, totaling 34 articles.
Furthermore, in stage (4), the authors screen the articles,
discarding 19 that do not meet the requirements and leaving
15 that do. In stage (5), the authors conduct a more thor-
ough and rigorous re-screening, resulting in 15 articles that
meet the criteria. In stage (6), the authors select 15 articles
to proceed to the bibliometric analysis stage. To clarify, the
authors present a diagram to establish the stages of data col-
lection as follows:

Records identified from Scopus
core collection (n = 34)

Reports not retrieved as
incorrect type of study (n = 19)
Reports sought for retrieval
(n=15)

Reports excluded as irrelevant
to the topic (n = 0)
Reports of included studies
(n=15)

Identification

Screening

o
o
o
=
)
=

Fig. 1. Research flow diagram with inclusion and exclusion
criteria

Data Analysis Technique

The data was gathered by document analysis with
the Scopus database. The Mendeley desktop application,
Vosviewer (Chen et al., 2022; Nugraha et al., 2023), and the
Excel application to calculate the percentage are used to aid
in the data analysis technique (Akhiruyanto et al., 2022;
Yudhistira et al., 2023). The bibliometric analysis research
focuses on (1) the analysis of productivity, publication
type, ranking, and journals that frequently publish research
on petanque; (2) analysis of popular articles based on the
number of citations and focus of petanque research studies;
(3) analysis of keyword trends that frequently appear in
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petanque sports research; (4) analysis of co-authorship
trends that frequently collaborate on petanque sports
research; and (5) analysis of future difficulties and potential
for petanque sports research.

Results

The results of the bibliometric analysis mapping are
presented in tables and diagrams, namely (1) productivity
analysis, publication type, journal ranking, (2) number of
citations and focus of petanque sport studies, (3) analysis
of frequently appearing keyword trends, and (4) analysis of
co-authorship that frequently collaborates. To make things
clear, the data results are presented as follows:

Table 1. Results of the analysis of Petanque Sports Research
Productivity

No Document Amount Percentage
1 2011 3 20.00
2 2012 0 0.00
3 2013 2 13.33
4 2014 0 0.00
5 2015 0 0.00
6 2016 1 6.67
7 2017 2 13.33
8 2018 0 0.00
9 2019 0 0.00
10 2020 0 0.00
11 2021 3 20.00
12 2022 1 6.67
13 2023 0 0.00
14 2024 3 20.00

Total amount 15 100

Research productivity
25,00%
20,00%
15,00%
10,00%
5,00%
0,00%
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Fig. 2. Publication productivity diagram

Table 1 shows that the analysis of research productivity
on petanque sports in 2011 was 3 (20.00 %), in 2012 it was 0
(0.00%), in 2013 it was 2 (13.33 %), in 2014 it was 0 (0.00 %),
in 2015 it was 0 (0.00 %), in 2016 it was 1 (6.67 %), in 2017
it was 2 (13.33 %), in 2018 it was 0 (0.00 %), in 2020 it was 0
(0.00 %), in 2021 it was 3 (20.00 %), in 2022 it was 1 (6.67 %),
in 2023 it was 0 (0.00 %), and in 2024 it was 3 (20.00 %).
The analysis findings show that publication productivity is
still very low, as seen from the number of documents in the

form of articles, which is only 3 documents at most. This
is expected to continue in 2024, and it is hoped that the
number of publications regarding petanque sports will rise.
The following rising diagram presents it more clearly (fig. 2).

Table 2. Results of an analysis of publishing types, ranks,
and journals that frequently publish articles on the sport of
petanque

No Document Amount Percentage
1 Book 1 6.67
Publication 2 Original article 13 86.67
Type 3 Literature review 1 6.67
4 Proceedings 0 0.00
Total amount 15 100
No Quartile Amount Percentage
1 Quartile 1 2 20.00
Ranking 2 Quartile 2 2 20.00
journal 3 Quartile 3 3 30.00
4 Quartile 4 3 30.00
Total amount 10 100
No Journal Amount Percentage
1 Physical Education 1 6.67
Theory and
Methodology
2 Journal of Physical 2 13.33
Education and Sport
3 Ethnologie Francaise 2 13.33
4  Concurrences 2 13.33
5 International Journal 2 13.33
of Human Movement
Journals that and Sports Sciences
frequently
publish Retos 2 13.33
7  New York State 1 6.67
Folklife Reader:
Diverse Voices
8  Voices - Journal of 1 6.67
New York Folklore
9 Revista de Psicologia 1 6.67
del Deporte
10 Engineering Failure 1 6.67
Analysis
Total amount 15 100

According to Table 2, the bibliometric analysis of the
type of book publishing is 1 (6.67 %), 13 (86.67 %) original
articles, 1 (6.67 %) literature reviews, and 0 (0.00 %)
proceedings. Therefore, it means that original articles are the
most common type of publishing, with literature reviews,
books, and proceedings remaining relatively rare. Although
original articles continue to dominate, there is a need for
more publications, particularly in the Scopus database.

According to Table 2, the bibliometric study of journal
rankings shows that quartile 1 is 2 (20.00 %), quartile 2 is
2 (20.00 %), quartile 3 is 3 (30.00 %), and quartile 4 is 3.
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In this case, the most dominant publications are in quartiles
3 and 4, although publication productivity in journals in
quartiles 1 through 4 is still required, given that there is very
little productivity discussing petanque sports, particularly in
Scopus-indexed journals.

Based on Table 2, the bibliometricanalysis ofjournals that
often publish research on petanque are the journal Physical
Education Theory and Methodology with 1 (6.67 %) article,

Publication Type
P\ / N
7%

86%

= Book
Original article
Literatur review

Prooseding

Fig. 3. Publication type diagram

Journal Ranking

—

20% Quartile 3

= Quartile 1
30%
Quartile 2

30% Quartile 4

Fig. 4. Journal ranking diagram

Table 3. Analysis of 9 popular articles and focus of study areas

Journal that frequently publishes research on the sport of petanque

= Physical Education Theory and
Methodolo,

gy
‘ /N Journal of Physical Education and
Sport N
7% Ethnologie Francaise
13% Concurrences

= International Journal of Human

13% Movement and Sports Sciences
13%
il

= Retos

3% 13% = New York State Folklife Reader:
Diverse Voices

= Voices - Journal of New York

Folklore
= Revista de Psicologia del Deporte

Fig. 5. Journal that frequently publishes research on the sport of
petanque

Journal of Physical Education and Sport with 2 (13.33 %)
articles, Ethnologie Francaise with 2 (13.33 %) articles,
Concurrences with 2 (13.33 %) articles, International Journal
of Human Movement and Sports Sciences with 2 (13.33 %)
articles, Journal Retos with 2 (13.33 %) articles, New York
State Folklife Reader: Diverse Voices with 1 (6.67 %) article,
Voices - Journal of New York Folklore with 1 (6.67 %) article,
Revista de Psicologia del Deporte with 1 (6.67 %) article,
and Engineering Failure Analysis with 1 (6.67 %) article.
Based on this study, these journals are still looking for more
interesting papers concerning the sport of petanque. This is
because there are still few publications regarding petanque
sports, demonstrating that there is still room for them in
these journals. To facilitate data interpretation, the authors
present this analysis in the diagram below (fig. 3-5).

Based on Table 3, the authors examined 9 prominent
articles with the most citations and concentrated on the field
of study in petanque sports. The results of the analysis found
that research from Pelana et al entitled “The Effect of Arms

No Article Title Author’s name Nu‘mb‘er of The focus of the study area
Citations

1 The effect of arm length and Pelana et al. (2021) 26 Physical and psychological
endurance, and self-confidence on aspects of sports
petanque shooting

2 The effect of an accuracy training Phytanza et al. (2022) 24 Skill aspects
program on petanque shooting
results

3 The correlation between muscle Setiakarnawijaya et al. (2021) 13 Physical and technical aspects
endurance and arm length with
petanque shooting accuracy

4 Mechanisms causing petanque ball ~ Loser et al. (2011) 12 Engineering
explosions

5 The effect of self-talk on petanque ~ Rizal et al. (2021) 5 Psychological and skill aspects
shooting accuracy

6 Kinematic motion analysis of Al Ardha et al. (2024) 3 Sports biomechanics
petanque pointing and shooting
techniques

7 Android-based training program Hidayah et al. (2024) 2 Sports technology
application for petanque sports

8 Biomechanical analysis of throwing  Helmi et al. (2024) 1 Sports biomechanics
aura in petanque: a literature review
study

9 Finding optimal performance using Hernandez et al. (2011) 1 Sports psychology

a psychological training plan

811



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 5

Length and Endurance and Self-Confidence on Petanque
Shooting” received 26 citations (Pelana et al., 2021). Second,
research from Phytanza et al entitled “The Effect of Accuracy
Training Programs on Petanque Shooting Results” received
24 citations (Phytanza et al., 2022). The third study from
Setiakarnawijaya et al entitled “The Relationship between
Muscle Endurance and Arm Length with Petanque Shooting
Accuracy” received 13 citations (Setiakarnawijaya et al.,
2021). Fourth, research from Loser et al entitled “Mechanism
Causing Petanque Ball Explosion” received 12 citations
(Loser et al., 2011). The fifth study is from Rizal et al entitled
“The Effect of Self-Talk on Petanque Shooting Accuracy”
which received 5 citations (Rizal et al., 2021). The sixth
study comes from Al Ardha et al entitled “Kinematic motion
analysis of petanque pointing and shooting techniques”
which received 3 citations (Al Ardha et al., 2024). The
seventh study is a study by Hidayah et al entitled “Android-
Based Training Program Application for Petanque Sports”
and received 2 citations (Hidayah et al., 2024). The eighth
is a study by Helmi et al entitled “Biomechanical Analysis of
Throwing Aura in Petanque: Literature Review Study” which
received 1 citation (Helmi et al., 2024). The ninth is a study
by Gonzalez et al entitled “Finding Optimal Performance
with Psychological Training Plans” which received 1 citation
(Hernandez & De Los Fayos Ruiz, 2011).

Furthermore, the primary focus of petanque research
is on petanque sports performance as evaluated through
the lens of physical aspects, skills, sports biomechanics,
sports psychology, and engineering. The data indicate that
research on the popularity of petanque is still limited, as
indicated by the low number of citations. The majority of
petanque studies focus on physical aspects, methods, sports
biomechanics, and sports psychology. Although extensive
research has been undertaken on the subject, further in-
depth investigation is required. More fields of study, such
as engineering and sports technology, are also required in
petanque, and more sports sectors are still being developed
to provide academics with knowledge and insight.

Table 4. Analysis of frequently appearing keyword trends

Number of
Label e Keywords
Cluster 1/Network 3 Sport, optimum group

visualization in red performance, and
physiological training plan
Cluster 2/Network 3
visualization in green

Performance, athlete, and
performance characteristics

Based on Table 4, the authors used the VOSviewer
application to trace keywords that frequently appear in
petanque sports studies, applying the minimum number of
occurrences of a term, which is 1. This research revealed that
133 keywords met the criterion. The authors then performed
a keyword selection in which if the keywords obtained were
only 1, the authors deleted them to retain only the most
keywords, which were performance, athlete, performance
characteristic, sport, optimum group performance, and
psychological training plan.

Based on Table 5, the authors analyzed to trace the co-
authorship that frequently collaborates in petanque research
with the VOSviewer application by using the minimal

Table 5. Trends in frequently collaborative co-authorship

Number of
Lanel Collaborations Ll
Lourenco, Phytanza,
Irawan, Widodo,
Cluster 1/ Network 14 Widiyono, Hadiatmo,

visualization in red Saleh, Sutopo, Burhaein,
Indriawan, Azizah,

Susanto, Demrici, Parmadi

number of occurrences of a phrase, which is 1. The findings
of this analysis revealed that 117 met the threshold, and the
author found 14 co-authors who frequently perform research
on petanque sports. They are Lourenco, Phytanza, Irawan,
Widodo, Widiyono, Hadiatmo, Saleh, Sutopo, Burhaein,
Indriawan, Azizah, Susanto, Dermrici, and Parmadi. To
clarify, the VOSviewer analysis image shows the following:

Discussion

Petanque is a relatively new competitive sport. This
is common in regional and national competitions. This
motivated the authors to do a bibliometric analysis
study. Although the evolution of petanque sport through
observation and observation demonstrates its presence in
the world of sports, the analysis offered in this paper is still
required to deepen understanding and information. Previous
studies have primarily focused on correlational research,
surveys, experiments, and designing a training program, but
bibliometric analysis to map the trend of petanque sports
research received little attention. As far as the authors are
aware, no one has undertaken a bibliometric analysis of
petanque sport. As a result, this is the first study to highlight
the need for urgency in petanque sport research. To be more
specific, the author did a bibliometric analysis with the main
difficulties that will be addressed in the discussion section
below as follows:

RQ1: How are the productivity, publication type, ranking,
and journals that frequently publish petanque sports
research developing between 2011 and 20247

The outcomes of the highest research productivity on
petanque are 3 (20.00 %) documents included in the Scopus
database in 2011, 2021, and 2024. Furthermore, there were
two (13.00%) documents in 2013 and 2017, and only 1
(6.67%) in 2016 and 2022. Aside from these years, there
was no petanque research (0.00%). This demonstrates that
study on the sport of petanque is severely limited from year
to year. Research productivity indicates that a topic is in high
demand for research when the need for research is critical.
As a result, research on the sport of petanque has not been
in great demand to be included in the Scopus database.
This permits the introduction of the sport of petanque
to be described as suboptimal, or experts and academics
participating in the sport of petanque have not given much
thought to undertaking study on the sport of petanque.
Although it may be claimed to be still going on in 2024, only
three articles have been published in the Scopus database,
which suggests that until the end of the year, research on
petanque sports will be less significant than when one is
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published in the Scopus database. As a result, academics
must raise awareness to improve the output of petanque-
related research that can be included in the Scopus database.

Furthermore, original articles are the most often
published kind, accounting for 13 documents (86.67 %),
followed by literature reviews and books, which account for
1 (6.67 %). However, proceedings have shown no interest in
being published in Scopus proceedings. This demonstrates
that there is still a lack of publishing in books, literature
reviews, and proceedings, leaving many options for
publication in these sources. Although the number of original
articles has increased to 13 (86.67 %), productivity still needs
to be improved. It is intriguing that secondary data analysis,
such as literature reviews, is still underutilized in petanque
sports studies, as is the author’s research on bibliometric
analysis, no one has been interested in analyzing it in more
depth. To the authors’ knowledge, this is the first time a
bibliometric study of petanque sport has been published in
ajournal.

The analysis of the Scopus database journal ranking
shows that research in petanque sports is frequently
published in Scopus-indexed journals, with quartiles 1 and 2
totaling 2 (20.00 %) documents and quartiles 3 and 4 totaling
3 (30.00 %) documents. The smaller the quartile, the better,
therefore it is expected that study on petanque sports will
enter quartiles 1 and 2, where an in-depth examination is
required to show problemsboth empirically and theoretically.
The research goal must also be consistent with the problem
to be considered for Scopus journal quartiles 1 and 2.

The journals that publish the most publications about
pentanque are the Journal of Physical Education and Sport,
Ethnologie Francaise, Concurrences, International Journal
of Human Movement and Sports Sciences, and Retos, each
with 2 (13.33 %) articles. This indicates that not many studies
on petanque sports have been examined by other Scopus-
indexed publications. The productivity of researchers who
are nonetheless unenthusiastic about publishing their
findings is a possible contributing factor. This productivity
refers to the performance of an expert or academic who is
motivated to provide knowledge and information to gain
new scientific knowledge.

One of the factors influencing research output in
petanque sports studies is that scientists are still not
sufficiently focused on doing in-depth investigations and
analyses. Furthermore, limited time and resources, as well
as an intention to provide the most recent information,
particularly in petanque sports, contribute to low research
output in the field. This is consistent with prior research,
which found that organizational characteristics and the
researcher’s conditions influence the determinants of
a researcher’s performance (Abramo et al., 2017). These
factors have an impact on individual resources, available
time, level of skill, and reputation, all of which are important
in determining research productivity (Abramo et al., 2017).
The decrease in productivity is due to researchers’ continued
focus on performing independent or solo research, which is
frequently associated with delayed publication production.
This is related to researchers’ understanding of the value
of research collaboration (Uddin et al., 2012). Specifically,
research collaboration has an impact on enhancing
article production, which can lead to more citations and
publications (Bidault & Hildebrand, 2014; Ductor, 2016;

Li et al,, 2013). Naturally, the authors support the idea that
research collaboration will result in a considerable increase
in the number of articles published in petanque sports
studies. A further in-depth examination will be provided in
the RQ4 co-authorship analysis for petanque sports research
collaboration.

RQ2: What are the most cited popular articles
and the focus of research studies on petanque
sports between 2011 and 2024?

The authors discovered nine documents with the
most citations after conducting a bibliometric study to
trace popular articles. The first rank that received the most
citations was the research by Pelana et al with 26 citations
(Pelana et al., 2021), the second was the research by Phytanza
et al with 24 citations (Phytanza et al., 2022), the third most
was the research by Setiakarnawijaya et al with 13 citations
(Setiakarnawijaya et al., 2021), the fourth was the research
by Loser et al with 12 citations (Loser et al., 2011), the
fifth was the research by Rizal et al with 5 citations (Rizal
et al,, 2021), the sixth was the research by Al Ardha et al
with 3 citations (Al Ardha et al., 2024), the seventh was the
research by Hidayah et al with 2 citations (Hidayah et al,,
2024), the eighth was the research by Helmi with 2 citations
(Helmi et al., 2024), and the ninth was a study by Hernandez
with 1 citation (Hernandez & DeLosFayosRuiz, 2011).
However, Ronzano, Feschet, Wachsmann, et al’s research
has not earned any citations (Feschet, 2011, 2013b, 2013a,
2016; Wachsmann & Zacharie, 2017). The subject of study in
petanque sports is primarily concerned with performance,
including physical aspects, skill aspects, sports psychology
aspects, and sports biomechanics, followed by sports
technology and engineering.

As a result, articles that add to science and serve as
references for other studies are distinguished by the number
of citations, which facilitates the transmission of knowledge.
The most often mentioned articles are 24 to 26, with the
primary focus on physical elements such as arm strength
and length, as well as technical features such as shooting
accuracy and biomechanical analysis. This demonstrates
that, on a theoretical level, petanque sports emphasize
and focus on physical aspects, but it does not rule out the
potential that psychological aspects, sports technology, and
other research require improvement. Sports science evolves
through the marriage of diverse sciences, resulting in a new
paradigm.

Furthermore, the quantity of citations is frequently used
to determine the study’s popularity. The amount of studies
that examine the topic and theme, or even make significant
contributions to the execution of sports, demonstrates the
study’s appeal. According to past research, the number of
times our scientific publications are mentioned indicates an
overall scientific effect on the global academic community
(Vieira & Gomes, 2010). The quantity of citations is thought
to be associated with scientific quality and can be used to
assess a researcher’s academic achievement at an institution
or department (Vieira & Gomes, 2010). Another study
found that the popularity of articles with the most citations
is influenced by three criteria (Tahamtan et al., 2016). The
first factor includes the relevance of the article, the quality
of the article, the interest and novelty of the participants,
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the characteristics of the topic and focus of the study, the
research method, the type of document, the research design,
the characteristics of the description of the results and
discussion, the images and attachments of the article used,
the interesting title and abstract, the type of references used,
the number and length of the article, the age of the article,
the initial citation and the speed of citation, the visibility
and ease of access of the article (Tahamtan et al., 2016). The
second factor is the impact of the journal, the language of the
journal, the scope of the journal, and the type of publication
(Tahamtan et al., 2016). The third factor includes the number
of authors, the track record of the authors, the academic
ranking of the authors, self-citations, the collaboration of the
authors in various studies, gender, age, race, the productivity
of the author’s publications, institutions and organizational
features, as well as funding (Tahamtan et al., 2016).
Certainly, the authors are quite aware of the factors in-
fluencing the amount of citations listed above. However, in
the study of petanque sports research, the authors™ analysis
discovered that citations have not been able to be numerous
because, among other criteria, the number of publications on
petanque sports, particularly in the Scopus database, is still not
adequate. As a result, when it comes to impact and citations, it
is undoubtedly required to boost the productivity of research
published in Scopus-indexed journals. However, the lack of
citations in petanque sports studies can be caused by a very
basic thing: the urgency expressed in earlier studies cannot be
considered to be particularly essential in real implementation.

RQ3: What is the trend of keywords that frequently appear
in petanque sports research between 2011 and 2024?

The findings of bibliometric analysis using the VOS-
viewer application revealed a pattern of keywords that are
frequently used in petanque sports studies. The authors

applied the pattern of the minimum number of occurrences
of a term is one, so the authors found 133 that meet the
threshold. The authors then selected keywords by deleting
irrelevant keywords and discovered keywords such as per-
formance, athlete, performance characteristic, sport, opti-
mum group performance, and psychological training plan.

In general, the word “sport” appears frequently,
followed by the keywords performance, athlete and
performance characteristics, optimal group performance,
and physiological training plan. This suggests that the
keywords that frequently occur are well-known in petanque
sports studies. This keyword grouping is related to relevancy,
demonstrating a correlation between several topics of study
(Giannakos et al., 2020). To clarify, the authors depict it in
the VOSviewer analysis graphic below as follows:

RQ4: What is the trend of co-authorship in petanque
sports research collaboration between 2011 and 20247

The results of bibliometric analysis using the VOSviewer
application with co-authorship search to conduct research
collaboration patterns in petanque sports studies revealed
a very complex collaboration pattern in which authors who
frequently conduct collaborative research on petanque
sports are Lourenco, Phytanza, Irawan, Widodo, Widiyono,
Hadiatmo, Saleh, Sutopo, Burhaein, Indriawan, Azizah,
Susanto, Demrici, and Parmadi. For better understanding,
the following is how the VOSviewer analysis visualizes it:

In general, collaboration trends seek to map issues that
will subsequently be addressed and solutions sought, as well
as identify organizations and academics that are working to-
gether on joint research projects. This is consistent with ear-
lier research showing that research collaboration improves
research productivity, which will be especially significant
when authors work on international levels. On a global scale,

(performance ) (Lathlete ] (_performance characteristic )

,ﬁ‘\m VOSviewer

Fig. 6. Results of a network visualization study of commonly occurring keywords
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Fig. 7. Results of network visualization analysis of frequent collaboration co-authorship

diverse patterns of issue-solving will emerge with varying
perspectives, resulting in variances in research and scientific
advancement (Abramo etal.,2017). Adequate resources, mo-
tivation, and individual competency all influence publication
and citation production, leading researchers to perform col-
laborative research more effectively (Abramo et al., 2017).

According to the authors, research collaboration allows
single researchers to be aided by a team in managing research
more successfully and efficiently. For example, a work can be
separated into sections focusing on the introduction, tech-
nique, results and discussion, abstract and conclusion, edit-
ing, and submission. Teamwork is required to build a solid
cooperative. The more problems are split to be answered, the
more viewpoints there will be in the research, resulting in
two to three subjects of study rather than just one.

In line with past studies, collaborative research tries to
bridge and overcome the limitations of unresolved research
(Abramo et al., 2017). In this context, the authors observe
that there has been little collaborative research between
international institutions on petanque sports; hence, the
author only discovered regional collaborations. This study
requires special attention to improve relations not only in
petanque sports but also in many sectors of sports science
studies so that future research can be even more dazzling
and make valuable contributions.

RQ5: What are the problems and potentials in
petanque sports research in the future?

This bibliometric analysis is useful for more than just
identifying research trends and results. However, using bib-
liometric analysis, the authors can identify research issues

that have not been and will be revealed. This problem has
been outlined in the description above, but it is specifically
explained in this section, namely about (1) research produc-
tivity. The productivity of special research that is included in
the Scopus database is undoubtedly very low, which is pos-
sible because researchers have not been able to optimally re-
veal problems in detail to be used as rationalization material
for problems. The problem in the study is the most signifi-
cant component since it will make the research flow clear and
easier to address by identifying the approach and how to per-
form it correctly. Previous studies in the study of petanque
sports have described problems based on the perspective at
the time of field observation, which is surely less accurate
when employed as a research topic. This is undoubtedly one
of the reasons why research on petanque has not been able
to become part of the Scopus database to its full potential.
Aside from that, research output is influenced by
individual competence, research collaboration, funding, and
time flexibility. However, when it comes to competence, it is
possible to read and reflect on a subject that will be researched
using a high level of literacy. Research collaboration can
be undertaken by establishing relationships and building
a research team so that research efforts can be divided
according to sub-field. Funding can also be sought, as many
Scopus journals do not charge publication fees. Academics
must prioritize their time and make time to write. Problem
(2) is related to research collaboration, and while it has been
done, it is important to note that international collaboration
remains minimal. Research collaboration is critical to
improving the quality and reach of foreign research.
Problem (3) is about citations. The huge amount of cita-
tions indicates that this research has an impact on knowledge
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transmission. However, this is linked to productivity and
research collaboration. The more petanque-related articles
there are, the more relevant citations will be searched and
used as references. In terms of collaboration, more authors
advocate that other authors cite published research. Problem
(4) concerns the scope of petanque research, which is not
restricted to physical characteristics such as biomechanical
analysis, arm length, and arm strength, but can also include
technical studies, psychology, and the arts.

Future research on petanque sports should include
more critical studies and relevant improvements, with the
potential to have a real impact on the order of life in the
sports community. Furthermore, research on petanque
sports needs streaming and ongoing study to increase the
productivity of article publications.

Conclusions

Based on the study’s findings, the authors came to the
following conclusions: the highest research productiv-
ity occurred in 2011, 2021, and 2024, totaling 3 documents
(20.00 %); original articles accounted for 13 (86.67 %) of the
published research, and the highest journal ranking was
quartile 3 and quartile 4 (30.00%); journals that frequently
publish petanque research include the Journal of Physical
Education and Sport, Ethnologie Francaise, Concurrences,
International Journal of Human Movement and Sports Sci-
ences, and Retos, each with 2 (13.00%) documents, and the
research by Pelana et al. had the highest number of citations,
namely 26 citations. The focus of most studies is on physical,
technical, and biomechanical aspects. Keywords that often
appear are performance, athlete, performance characteristic,
sport, optimum group performance, and psychological train-
ing plan. There are 14 collaborating researchers with the same
research topic. The bibliometric analysis indicates that to give
the most recent research advances, petanque sports research
productivity needs to be optimized. To obtain trustwor-
thy and high-caliber research, articles containing petanque
sports studies can also be published in journals with a Scopus
index or comparable. Even if this research can be finished,
there are still a lot of unexplored things. For example, the
analysis in this research is restricted to the Scopus database;
the department, institution, and country of origin have not
had their research output evaluated. Thus, to gather compre-
hensive data, additional research must focus on these aspects.
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ManyBaHHA TeHAEHUiIN Y ranysi gocnifg)XeHb CNOPTUBHUX

irop 3 netaHky 3a nepiog 2011-2024 pp: bi6niomeTpnuHnn
aHanis y HayKomeTpuuHin 6asi gaHnx Scopus

Ao6pyn Xagins'*BPE, Oue BipiaBan'AP, Hypxacaun'4®, Hypxonic'*®, Adi¢ JBi Hyrpaxa'A=P,
Moxamap ITypaomo'4?, PiBan Carxira [Iparama®‘?, [leanra IOpicripa'ABcP

'Cypabaiicbkuit lep>kaBHUI YHIBEPCUTET
*CeMapaHICbKIII Iep>KaBHUI YHIBEepCUTET
ABTOpPCHKMIT BKIAJ;: A — am3aiiH gocnipkenHs; B — 36ip ganux; C — cratananis; D — migroroska pykormucy; E — 36ip komrtis

Pedepar. Crarrs: 11 c., 5 Tabn., 7 puc., 37 mxepern.

Merta gocimkeHHsA. MeTa [[bOro JOCI/PKEHHs HOJIsATANA y IPOBefeHH] 6i6/1iOMeTPIYHOrO aHaIi3y TeHAeHLiN y ramysi
CIIOPTUBHUX irop 3 meTaHky 3 2011 mo 2024 pp. y HayKoMeTpuuHiit 6asi fanux Scopus. Y ZocmifKeHHi 610 30cepe>KeHO yBary
Ha OLIHIN POXYKTUBHOCTI, TiII my6miKalil, peifTUHY XypHaly, 4acToTi my6miKariil, KiTbKoCTi UMTYBaHb, GOKYyCi ramysi fo-
CITiJPKEHHA, K/IIOYOBMX C/I0BAX Ta CIiBaBTOPCTBI.

Marepianu ta Merogu. [/ IpOBefieHHS 1IOTO JOCTIIKeHHs 0y/I0 3acTOCOBaHO 6ibniomeTpuyunuit meton. Etanm po-
CmimKeHHs BKmodayn (1) momryk crareif 3a OIOMOTOK 3aCTOCYBaHHA JIOTYHOTO TUITY JAHUX <II€TaHK» | «IIeTaHK y CIOPTi»,
(2) samuT 3 KpUTEpisIMM BKIIOYEHHSI €JIEKTPOHHUX KHUT, CTUC/INX 3BITiB, KOH(epEeHIIill, OpUTiHANBHUX CTaTell, OIJIS/IB JTiTe-
parypu aHITICbKO0, PpaHI[y3bKOIO Ta icmaHcbkor MoBamu 3 2011 mo 2024 pik, (3) ¢imbrparito 34 crareii, (4) BUKIIOYEHHS
19 crareii, B pe3yibrari 9oro samimiocs 15 crareii, siki Oy/ay BusHaHi gouiibHuMy, (5) TOBTOPHY (inbTpamio i OTpUMaHH
aHaJIOTiYHOI Ki/IbKOCTi, a came 15 cTaTeit, i (6) Bubipky 15 craTeit, sk yBijilm 10 0CTATOYHOTO MacUBY JaHMX. 3 METOI0 360Dy Ta
aHali3y JaHUX BUKOPUCTOBYBANCA porpaMHi 3acobu Mendeley, VOSviewer Ta Excel.

Pesynpraru. 3 TOYKM 30py MPOAYKTUBHOCTI, Oyo BusiBiero 3 (20,00 %) moxymentu 3 2011, 2021 ta 2024 pokis; Haitno-
MIMPEHIIINM TUIOM JOKYMEHTIB OY/IM OpUTiHa/IbHI CTAaTTi i3 3aTa/IbHOI0 KiNbKICTIO 13 (86,67 %); O6iNbIIicTh PEMITUHIIB XXypHAIIiB
6ynu B 3 ta 4 kBapTiwix (30.00 %); ceper )XypHaIiB, sKi HaitdacTinte my6IiKyBaau KOCIIPKEHHS 3 IETAHKY, [IPeCTaB/IeH] Ha-
crynHi BuganHs: Journal of Physical Education and Sport, Ethnologie Francaise, Concurrences ta International Journal of Human
Movement and Sports Sciences, a Takoxx Retos, koxxeH 3 skux Mictus 110 2 (13,00 %) JOKYMeHTH; TOAI K HaOI/IbIIA KiTbKICTD
LUTYBaHb HAJIOKUTD yOiKariisam HayKoBis [Temanu ta iH. (Pelana et al) — 26 nurysanb. Y 611b110CTi JOCTIKEHD aKIIEHTOBAHO
yBary Ha (i3suuHMX, TeXHIYHMX Ta OGioMexaHIYHMX acrekrax. HajfuacTime sycTpidanucs Taki KI0490Bi C/I0Ba: pe3y/IbTaTUBHICTD,
CIIOPTCMEH, XapaKTePUCTUKA PE3YIbTAaTUBHOCTI, CIIOPT, ONITMMAa/IbHa IPYIIOBA PE3Y/IbTAaTUBHICTD Ta IIAH IICUMXOIOTIYHOI MifTo-
toBku. [llogo mutaub criBnpaii, 6y70 BcTaHOB/IEHO 14 [OCTiTHMKIB, AKi 3aiiManucs OffHAKOBOIO TEMATUKOIO JOCTi/[)KEHb.

BucHoBku. JlociKeHHs B TaTy3i CHOPTUBHMX irop 3 HeTaHKY i OCI MOTpeOyI0Th OKpallieHHs ZOCTIAHUIIBKOI IPOAYKTUB-
HOCTi Ta iHHOBaLii 315 HMiABUIEHHS PiBHA iIHGOPMOBAHOCTI Ta 3HAHD.

KirouoBi croBa: 6i6/rioMme TpraHmMIl aHai3, TeHAEHIiI JOCTIIKEeHb, BUJ| CIIOPTY IIeTaHK, HAyKOMeTpU4YHa 6a3a faHnx Scopus.
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Abstract

Objectives. The study aimed to completely examine the existing research on the investigation of kinetics and
kinematics analysis for flat and topspin serves in tennis, with a special focus on improving performance and reducing

injury risks for players.

Material and methods. In order to obtain a comprehensive understanding of the data, Scopus searched three
variables in each record: (1) the author’s name, (2) the journal name in which the paper was published, and

(3) the total number of citations. Bibliometric analysis was used as part of the analysis. To gain a thorough and
accurate comprehension, the data was analyzed and interpreted using a variety of data triangulation techniques.
Building distance-based co-occurrence networks for bibliometric analysis and synthesis was carried out using the

VOSviewer software. The classification and grouping of the terms derived from titles, abstracts, and keywords were
carried out based on their degree of interconnectedness. The terms “Serve Dynamics in Tennis”, “Kinetic Analysis in
Tennis serve’, “Kinematic Analysis in Tennis serve’, and “Flat and Topspin serve in Tennis” are frequently used in the
study, although their meanings are generally interpreted differently. The search yielded 125 papers and 2807 citations,
which were used in the study conducted from 2001 to 2024.

Results. The study’s findings revealed the primary authors, countries, and subject areas that contribute to a

comprehensive understanding of research patterns, influential studies, authorship dynamics, thematic clusters, and

international collaborations in the analysis of the kinetics and kinematics for flat and topspin serves in tennis.
Conclusions. The study concludes by consolidating current information and identifying potential avenues for
broadening the interdisciplinary scope of tennis serve research.

Keywords: biomechanics, tennis, kinetics and kinematics analysis, flat serve, topspin serve, serve dynamics,

bibliometric analysis, and VOSviewer.

Introduction

The tennis serve is one of the most difficult tactics
to master, despite the fact that the player appears to have
complete control and advancement over it. It is tough to
master the most perfect technique because the upper
and lower extremities movements require sophisticated
coordination (Carboch et. al., 2023). Accordingly, the
tennis serve is both the most crucial and the most difficult
stroke to perfect. It comes in three main types: flat, topspin,
and slice (Mourtzios et al., 2022). The flat kick (topspin)

© Kumar, S, Das, R., Bairagi, K. & Singh, M., 2024.
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and slice (sidespin) serve to use comparable upper-body
temporal as well as kinematic characteristics to generate
high translational ball velocities (Sheets et al., 2011). The flat
serve may be the fastest, but the topspin serve is frequently
the most consistent. Although speed production is essential
for flat serve efficiency, the dimensions and boundaries of
the service box must be such that an accuracy component is
retained (Whiteside et al., 2014).

One of the most crucial aspects of contemporary tennis
competition is a superb serve. The flat serve is usually the
first serve of a highly skilled tennis player, while the slice
or topspin serve is the second serve (Groppel & Roetert,
1992). To be successful as a professional tennis player, one
must have a variety of serves, combining flat and topspin

819



ISSN 1993-7989. elSSN 1993-7997. ISSN-L 1993-7989. Physical Education Theory and Methodology. Vol. 24, Num. 5

(Giampaolo & Levey, 2013). Both the serve and the return
are crucial strokes in tennis, and as a player advances in the
professional ranks, so does the difficulty of these two shots
(Avilés et al., 2019; Chang & Qiu, 2022).

Based on the racket face position and velocity vector
with respect to the ball at impact, three main types of tennis
serves are typically recognized. There’s the flat approach,
which boosts speed while reducing spin; the slice method,
which puts an emphasis on sidespin; and the twist method,
which uses both topspin and sidespin (Connolly, 2020;
Sheets et. al., 2011) also known as kick serve (Sakurai et.al.,
2013; Cross, 2011). After discovering that different tennis
serves to require different technique execution, researchers
examined the kinematics of the body’s segments, the tennis
racket, as well as the tennis ball throw (Sheets et. al., 2011;
Mourtzios et. al., 2022). Scholars and practitioners alike have
been captivated by the dynamics of these services, driven
by a desire to comprehend the intricate interplay between
kinetics and kinematics that determines their effectiveness.
When serving flat, the front part of the rackets velocity
is important; when serving slicing, the lateral part of the
racket’s velocity is more important than the forward part;
and when serving twisting, the vertical part of the racket’s
velocity is more important than the forward and lateral parts
(Reid et al., 2007). Serving with a lot of speed usually gives
you the upper hand in tennis (Fett et al., 2020).

Biomechanical research has helped to identify the
essential kinetic and kinematic components of racquet
velocity in the first serve. Many studies have been undertaken
to understand these kinematics (Lambrich & Muehlbauer,
2023; Ramasamy et al., 2023; Mishra, 2023; Ramasamy,
2021; Ibrahim, 2020). Factors such as the racquet’s velocity
and direction, the ball’s height at stroke, the racket’s overall
weight, the racket’s angle at impact, and the ball’s speed along
with direction at this instant are among the most important
elements in a serve. The biomechanics study of tennis
serves has evolved significantly with the development of
motion capture technology and high-speed cameras, which
enable exact analysis and measurement of player motions
(Abrams et. al., 2016). Researchers have used a variety of
methods, including 3D motion analysis, force plates, and
wearable sensors, to collect data on joint angles, velocities,
accelerations, and forces during serves. These data-driven
approaches have not only enhanced the comprehension of
serve mechanics but also permitted comparisons between
different serving methodologies and player characteristics.

Bibliometric analysis is an effective approach for
visualizing the intellectual landscape of a study topic,
providing insights into the evolution of thoughts, crucial
contributions, and emerging trends (Hallinger & Nguyen,
2020). A bibliometric approach to tennis serves allows
for the discovery of major studies, influential scholars,
and promising research pathways. By synthesizing and
synthesizing findings from a variety of sources (Martin-
Garcia et. al., 2022).

This study seeks to identify key patterns and trends
that characterize the current level of research on service
dynamics. The purpose of this study is to investigate and
analyze the dynamics of tennis serve approaches, notably
flat serves and topspin serves, utilizing a bibliometric
approach to kinetics and kinematics. The research will help
us understand the biomechanical principles that underlie

different kinds of tennis serves, which could lead to new
insights that help us play better and avoid injuries. The
paper will map out the existing literature landscape using
bibliometric methods, identifying key trends, gaps, and areas
ripe for future research in the field of tennis biomechanics.
Such insights are critical for coaches, athletes, and sports
scientists looking to improve training tactics and technical
abilities in competitive tennis. Based on the aforementioned
need for the study, the following research questions are
generated:

Q1. Whatis the current research landscape for analyzing
kinetics and kinematics in tennis flat and topspin
serves?

Q2. What are the key biomechanical characteristics
investigated for flat and topspin serves?

Q3. How has research on service dynamics developed
over time in terms of techniques and technical
advancements?

Q4. What are the most cited papers and authors in the
field of tennis serve biomechanics?

Q5. What are the current gaps and emerging research
directions in tennis serve biomechanics?

By combining existing literature and academic works on
this topic, the study attempts to give a comprehensive review
and critical analysis of the techniques, conclusions, and
trends in tennis to serve biomechanics research. Its specific
goal is to uncover relevant studies, notable academics, and
prominent journals that contribute to a better knowledge
of how flat and topspin serves are completed and optimized
mechanically. The purpose of this bibliometric analysis is to
provide insights into the current state of research, identify
areas of agreement or disagreement, and recommend routes
for future research aimed at improving performance and
minimizing injury risk in tennis serve mechanics.

Materials and Methods

There are several approaches to doing systematic reviews,
one of which is the framework-based review (Robinson et al.,
2011), meta-analyses (Zhang et al., 2022), and bibliometric
reviews (Li et al., 2023). This also refers to the breadth and
comprehensiveness with which scholars review and analyze
data. One unique feature of bibliometric analysis is the user-
friendly interface for accessing the co-citation network.

Citation analysis is commonly utilized in bibliometrics
to conduct basic research (Van Eck et al., 2013). Depending
on the unit of analysis, different aspects of a study issue
might be examined. Keywords, institutions, organizations,
countries, journals, and publications are common research
analysis units. Citation analysis presupposes that writers
reference or discuss articles that they believe are significant
(Moed, 2006). By analyzing the interdependence of later
publications, author co-citation analysis can shed light
on the intellectual structure of multiple fields, including
science and others (Van Eck & Waltman, 2017). The steps
in generating bibliometric data involve choosing a database,
analyzing bibliographic information, and making them
more accessible. Then, it is necessary to select the program
and decide how to exhibit the data.

According to the study, researchers should prioritize
the most significant papers for their investigation on
“Serve Dynamics: A Bibliometric Exploration of Kinetics
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and Kinematics Analysis in Flat Serve and Topspin Serve
in Tennis” The Scopus database was chosen as a reliable
source for gathering citation data due to the necessity of
understanding the role of biomechanics in tennis play, as
well as kinetics and kinematics analysis. Understanding
the principles and importance of kinetics and kinematics
analysis in tennis is one of the key objectives. This is critical
since the words “Kinetics and Kinematics analysis”, “Tennis
Serves”, and “tennis performance” are often used but can
be interpreted differently according to the circumstances.
The search yielded 137 papers and 2807 citations, which
were used in the study conducted between 2001 and 2024.
This huge dataset provides a solid foundation for examining
the significance of kinetics and kinematics analysis in tennis
serve and performance, as well as understanding how flat
and topspin serves are executed and optimized globally.
Figure 1 depicts the flow of information during various
stages of a systemic screening process.

Ve
Keywords used:
Records identified through the “Serve Dynamics in Tennis” AND
Scopus database “Kinetic Analysis in Tennis serve” AND
“Kinematic Analysis in Tennis serve”

AND “Flat and Topspin serve in Tennis”
\_ Time Frame: 2001-2024

-
Records found Excluded due to Book, and Book Series
(n=137) (©=7)

f Excluded due to other than English ]

-L ! @=5)

Records aftes

(n=1§0) o

i

Records after

r exclusion
(n=125)

Studies included in the Synthesis
(n=125)

Fig. 1. Visual representation of the flow of information through
the different phases of a systemic screening process

Figure 1 depicts the PRISMA paradigm, which gives an
organized and clear picture of the screening process used to
find relevant studies. Initially, 137 documents were identified
through the Scopus database using particular keywords
linked to “Serve Dynamics in Tennis”, “Kinetic Analysis
in Tennis serve”, “Kinematic Analysis in Tennis serve”, and
“Flat and Topspin serve in Tennis” throughout the span of
2000-2024. Seven records were omitted from this original
group because they were published as books or book series.
After applying the exclusion criteria, 130 records remained.
5 records were then eliminated because they were in
languages other than English, leaving a total of 125 records.
Finally, 125 studies were included in the synthesis, fitting
the criteria for relevance and providing the foundation for
analysis. Overall, the PRISMA model shows how the original
pool of records is gradually filtered to choose studies for

synthesis and analysis, ensuring a methodical and thorough
approach to the literature review.

Scopus searched three variables in each record: (1) the
author’s name, (2) the journal name in which the paper was
published, and (3) the total number of citations. Bibliometric
analysis was used as part of the analysis. To gain a thorough
and accurate understanding, the data was analyzed and
interpreted using a variety of data triangulation techniques.
Bibliometric analysis and synthesis were conducted by
creating distance-based co-occurrence maps using the
VOSviewer software. Classification and grouping of the
terms received from titles, abstracts, and keywords were
done based on their degree of interconnectedness.

Table 1. Inclusion and Exclusion Criteria

Criterion Inclusion Exclusion
Keywords Records conferring ~ Records excluded
the role of Kinetics in which variables
and Kinematics have no relation.
analysis in
tennis serve and
performance and the
understanding of
how flat and topspin
serves are executed
and optimized
Type of Literature ~ Journals, Review Book series, book,
Articles chapter in book,
Language English Other than English
Time frame Concerning 2001- <2001
2024
Paper Stage Final stage Excluded that are
on the running
stage

Supplementary Table 1 summarizes the criteria used
to choose papers for the study Exploration of Kinetics and
Kinematics Analysis in Flat and Topspin Serve in Tennis. The
“Criterion” column’s inclusion standards state that records
must demonstrate the role of Kinetics and Kinematics
analysis in tennis serve and performance, as well as a grasp
of how flat and topspin serves are executed and maximized.
This guarantees that only papers directly related to the study
topic are included. In contrast, the exclusion criteria state
that records are removed if the variables are unrelated to the
issue. This technique helps to eliminate extraneous papers
that may not provide any useful insights into the research.
Journals and review articles are among the types of literature
evaluated, as they are known for their thorough and focused
attention to specific concerns. Book series, individual books,
and book chapters must be excluded since they may lack the
depth or relevance needed for the study.

The analysis only includes papers written in English
because the researchers are fluent in the language. Papers
produced in languages other than English are excluded
because they may contain language hurdles. The study spans
2001 to 2024, allowing for the inclusion of current research
while also capturing a large volume of relevant literature.
Papers published before 2001 are excluded because they
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may not be relevant to current trends or discoveries in the
field. Finally, papers at the final stage are included, whilst
those in the running stage are excluded. This ensures that
only research completed and evaluated by specialists is
considered for the study.

Citation Analysis

The study titled “Serve Dynamics: Applying a Biblio-
metric Approach in the Kinetics and Kinematics Analysis
for Flat and Topspin Serves in Tennis” provides compre-
hensive research data on various aspects of the field. This
includes the annual publication count, the most frequently
cited documents, notable authors, influential journals, and
leading countries in the domain.

Table 2 provides a concise overview of citations, spe-
cifically highlighting the 15 publications that have been cited
most frequently on the given subject. The material presented
above is the basis for a comprehensive examination of the
study of Kinetics and Kinematics in the Flat serve and Top-
spin Serve in Tennis on a global scale.

Table 2. Citation Analysis of Different Authors

The table presents the articles with the highest number
of citations in the field of tennis serve analysis, emphasizing
their noteworthy contributions to this area of research. With
200 citations, the study on anticipatory skills by Farrow and
Abernethy (2002) is the most mentioned. A study on the
loading of the upper limbs during tennis serves was carried
out by Elliott et al. (2003) and garnered 198 citations. The
study’s findings were published in the science journal Sports
Medicine. An extensive 107-citation study of Grand Slam
Matchplay’s features was carried out by Reid et al. (2016).
The Journal of Sports Sciences published this work. The 2009
study by Gillet et al. received 103 citations in the Journal of
Strength and Conditioning Research for its examination of
elite athletes’ advanced serving and returning techniques.
In their study, Farrow and Reid (2012) investigated the
impact of scenario probability knowledge on anticipatory
competence. Their research has been cited 101 times.
Additional noteworthy research includesthe study conducted
by Hornery et al. (2007) which examined physiological
profiles in tennis and has received 92 citations. Another
significant study by Gordon and Dapena (2006) investigated

. . Total
No. Most cited papers and Authors Source/journal Citations
L. Can anticipatory skills be learned through implicit video-based perceptual ~ Journal of Sports Sciences 200
training? (Farrow and Abernethy, 2002)
2. Technique effects on upper limb loading in the tennis serve (Elliott et al., Journal of Science and 198
2003) Medicine in Sport
3. Matchplay characteristics of Grand Slam tennis: implications for training Journal of Sports Sciences 107
and conditioning (Reid et al., 2016)
4. A notational analysis of elite tennis serves and serve-return strategies on the Journal of Strength and 103
slow surface (Gillet et al., 2009) Conditioning Research
5. The contribution of situational probability information to anticipatory skill ~ Journal of Science and 101
(Farrow & Reid, 2012) Medicine in Sport
6. An integrated physiological and performance profile of professional tennis ~ British Journal of Sports 92
(Hornery et al., 2007) Medicine
7. Contributions of joint rotations to racquet speed in the tennis serve Journal of Sports Sciences 75
(Gordon and Dapena, 2006)
8. Lower-limb coordination and shoulder joint mechanics in the tennis serve ~ Medicine and Science in 68
(Reid et al., 2008) Sports and Exercise
9. Upper Limb Biomechanics During the Volleyball Serve and Spike (Reeser Sports Health 67
etal., 2010)
10. Tactical determinants of the setting zone in elite men’s volleyball (Afonso et  Journal of Sports Science 67
al., 2012) and Medicine
11. Recognising the style of spatially exaggerated tennis serves (Pollick et al., Sustainability 67
2001) (Switzerland)
12. Comparing the pre- and post-impact ball and racquet kinematics of elite Journal of Sports Sciences 64
tennis players’ first and second serves: A preliminary study (Chow et al.,
2003)
13. Energy flow analysis during the tennis serve: Comparison between injured ~ American Journal of 59
and non-insured tennis players (Martin et al., 2014) Sports Medicine
14. Caffeine, carbohydrate, and cooling use during prolonged simulated tennis  International journal of 59
(Hornery et al., 2007) sports physiology and
performance
15. Shoulder joint loading in the high performance flat and kick tennis serves  British Journal of Sports 57
(Reid et al., 2007) Medicine
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the impact of joint rotations on racquet speed and has been
cited 75 times. The list also encompasses studies on shoulder
mechanics, lower-limb coordination, and comparisons of
serve kinematics, demonstrating a wide-ranging fascination
with diverse biomechanical and physiological facets of
tennis serves. The presence of prestigious journals such as
the American Journal of Sports Medicine, Medicine and
Science in Sports and Exercise, and the British Journal of
Sports Medicine demonstrates that this field of study is very
interdisciplinary.

Yearly Publication

Figure 2 depicts the cumulative count of articles on
the examination of Kinetics and Kinematics in Flat Serve
and Topspin Serve in Tennis that have been included in the
Scopus database from 2015 to 2024.

Publication trends from 2015 to 2024

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Fig. 2. The number of total publications on Kinetics and

has 11. Both are important contributors. Rogowski I. and
Cheéze L. have created seven and five documents, respectively,
demonstrating active involvement in the field. Several
authors, notably Mujika I., Hornery D.J., Campbell A., and
Gillet B. have four documents, while O’Sullivan P. and Dumas
R. have three. Begon M., Buszard T., and Pinder R. have
all submitted two documents. This distribution illustrates
a core group of scholars with varied degrees of impact and
output in the study of tennis serve mechanics.

Fig. 3. Top authors and the number of documents they have
published in the field
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The data on annual publications from 2015 to 2024 dem-
onstrates varying levels of interest and research activity in
the study of kinetics and kinematics analysis of flat and top-
spin serves in tennis. The initial research output was limited,
consisting of only 6 papers in 2015, which saw a decrease to
3 in 2016. There was a substantial increase in publications in
2017, with a total of 7 papers. However, there was a notable
decrease in the following years, with just 4 publications in
2018. The research activity had a gradual rise and then sta-
bilization in 2019, with the number of publications varying
by 12 in 2019. From 2020 to 2022, there was a consistent
decrement, such as 5 publications in 2020, 5 publications in
2021, and 4 publications in 2022. Following this, there was a
subsequent surge to 16 publications in 2023. Nevertheless, in
2024 there was a significant decrease to only one publication,
suggesting a possible recent reduction in research productiv-
ity or a delay in submitting data for the present year. In gen-
eral, the pattern shows intermittent increases and decreases,
indicating fluctuating levels of research interest and funding
availability in this specific field across time.

Top Authors

Figure 3 shows a list of authors and the number of
papers they have written on kinetics and kinematics analysis
in flat and topspin serves in tennis. Reid M. leads the
contributions with 33 documents, demonstrating a strong
influence and prolific productivity in this research area.
Elliott B. has 25 documents, followed by Farrow D., who

buszard, tim

keaney, eliza m.

gillet, benoit

begon, mickaél

rogowski, isabelle

L ﬁarrov@amian chéze, daurence
- L J d : lahaiﬂ
umasirap|
mujikay inigo
horneryy daniel j

{‘& VOSviewer

2005 2010 2015 2020

Fig. 4. Co-authorship between Authors

The first analysis of co-citations looked at the author’s
network of Scopus citations. In author co-citation analysis,
the choice of which authors to map is the most important
decision. A field’s or topic’s intellectual structure can be
mapped using co-citation analysis, as mentioned above.
Consequently, Scopus uses author co-citation analysis
to discover the intellectual structure of authors, who are
significant contributors who produce a collection of papers
connected to a subject.

The bibliometric network visualization depicts the
relationships and partnerships between authors working
on the kinetics and kinematics of flat and topspin serves in
tennis. Reid, Machar, and Elliott, Bruce are central people
with notable publications and substantial collaborations,
as seen by their enormous rings and numerous connecting
lines. The network shows different groupings of regular
collaborators, including Rogowski, Isabelle, and Farrow,
Damian. Temporal patterns reveal that authors such as
Rogowski and Gillet, Benoit, have been more active recently,
although Farrow and Mujika, Inigo, have previously
contributed. The connection is underscored by thick lines
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connecting closely collaborating authors, particularly
Reid and Elliott. Recent papers and developing network
ties highlight emerging researchers, like Begon, Mickaél,
and Cheze, Laurence. This image effectively illustrates the
primary contributors, their cooperation networks, and the
evolution of research over time in this specialized sector.

Subject area Analysis

Figure 5 depicts the distribution of research publications
across disciplines. Medicine accounts for 38 % of the papers,
demonstrating a strong emphasis on medical research within
the studied body of work. Health Professions follow closely
after with 32 %, indicating a strong concentration on health-
related occupations. Engineering and computer science
both contribute to 7% of the texts, indicating moderate
contributions from these technological fields. Social Science
and Psychology account for 5% and 4 %, respectively,
reflecting their importance in the larger study landscape.
Neuroscience and Arts & Humanities have the smallest
shares, accounting for 4% and 3 % of articles, respectively.
This distribution emphasizes the overwhelming significance
of medical and health professions research, with diverse but
minor contributions from other disciplines.

Published Documents by Subject Areas

W Medicine

m Health Professions
mEngineering

m Computer Science
m Social Science
mPsychology

m Neuroscience

= Arts and Humanities

Fig. 5. Distribution of documentation in various subject areas

Country Analysis

Figure 6 depicts the top countries and regions in
research collaboration linked to kinetics and kinematics
analysis in flat and topspin tennis serves from 2001 to 2024.
The figures presented show the number of publications
from various nations, with Australia having the most at 39,
followed by France with 22. The United States and China
are also significant, with 20 and 18 publications each.
Germany has seven publications, followed by Japan, which
has five. The United Kingdom and Switzerland have four
publications each, while India and Thailand have two. This
distribution implies various degrees of research production
or importance in publications across these countries, with
Australia and France at the top.

The bibliometric network visualization depicts
international links and collaborations in the subject of
kinetics and kinematics analysis of flat and topspin serves
in tennis. The United States, Australia, and France are key
players with big publications and extensive partnerships,
as seen by their large rings and numerous connecting
lines. The network identifies various groupings of regular
collaborators, including China, Germany, and Japan.

Documents by Top Country
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Fig. 6. Top Countries and Regions in Research on Documents
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Fig. 7. Cluster Diagram depicting Top Countries indicating a
significant contribution to research

Temporal trends reveal that countries like Switzerland and
the United Kingdom have been increasingly active recently,
whereas India and Thailand make modest contributions.

Co-Occurrence of Keywords

The visualization for the bibliometric study “Serve
Dynamics: A Bibliometric Exploration of Kinetics and
Kinematics Analysis in Flat Serve and Topspin Serve in
Tennis” identifies major thematic clusters and correlations
in the academic literature. Central concepts like “tennis,”
“humans,” and “sports” dominate the graphic, suggesting
their popularity and significance in the field. The term “tennis
serve” appears prominently, highlighting the research’s major
focus. The visualization shows several distinct clusters: one
centered on “sports,” “average speed,” “flat serve,” and “court,”
which emphasizes the physical and performance aspects of
tennis serves; another cluster includes terms like “mechanical

animation
mechanital analysis

lagrange multipliers  caves
avera®speed  complexiigajectories
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Fig. 8. Co-occurrence of Keywords
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analysis,” “LaGrange multipliers,” and “complex trajectories,”
reflecting the biomechanical and analytical approaches used
in the study of serve dynamics. There are also smaller clusters
connected to psychological and physiological factors, as
demonstrated by phrases such as “anxiety;” “gaze,” and “eeg,
as well as technology and methodology, seen in terms such
as “motion capture” and “algorithm. This extensive network
map captures the diverse nature of research on tennis serve
dynamics, including performance analysis, biomechanics,
psychological aspects, and technological techniques.

Findings and Discussion

The results of the bibliometric investigation of kinetics and
kinematics analysis in flat and topspin serves in tennis provide
important insights into the evolution and current landscape
of research in this specialized topic. First, an examination of
highly cited papers reveals key contributions that shaped the
debate. Farrow and Abernethy’s (2002) study of anticipatory
skills received 200 citations, highlighting the importance of
cognitive factors in service dynamics. Elliott et al. (2003) fol-
low closely, emphasizing upper limb loading during serves,
which is critical for understanding biomechanical stresses in
tennis. Reid et al. (2016) and Gillet et al. (2009) provide in-
sights into Matchplay features and elite strategies, respectively,
adding to the research on competitive tennis dynamics.

Second, considering the publishing patterns from
2001 to 2024 demonstrates fluctuations in research efforts.
Early years witnessed modest output, with irregular peaks
such as in 2003, indicating intermittent surges in interest,
maybe due to technical developments or sporting events.
Significant recent growth in 2019 and 2023 contrasts with
a fall in 2024, indicating potential adjustments in financing
or research priorities in the subject. Third, the distribution
of author contributions highlights prominent figures in
research. Reid M. emerges as a prolific researcher, with
33 documents demonstrating significant influence and
ongoing interaction. Elliott B. and Farrow D., with 25 and
11 documents respectively, also play important roles, proving
their long-term contributions to service dynamics research.
The collaborative network analysis emphasizes major figures
like Reid and Elliott, exhibiting dense linkages suggestive of
long-term cooperation and cooperative research pursuits.

Furthermore, the distribution across topic areas
demonstrates the interdisciplinary character of research, with
medicine and health professions dominating, highlighting
the biomechanical and physiological foundations of serve
dynamics. Engineering and computer science also make
contributions, demonstrating technological advances in
motion analysis and simulation approaches. Geographically,
Australia and France lead in research production, with
significant contributions from the United States, China,
and other countries, demonstrating worldwide interest and
collaboration in tennis serve kinetics and kinematics study.
Opverall, this bibliometric analysis gives a comprehensive
view of the research environment, highlighting significant
authors, topic clusters, and global collaborations that
shape our understanding of tennis serve dynamics. The
findings highlight the diverse approach - from cognitive
and biomechanical studies to technological advancements -
which jointly increase knowledge and practice in sports
science and performance analysis.

Conclusion

Finally, the bibliometric investigation into kinetics and
kinematics analysis in flat and topspin serves in tennis reveals
numerous noteworthy discoveries. To begin, it lists seminal
contributions to the subject, such as Farrow and Abernethy’s
work on anticipatory skills and Elliott et al’s research on up-
per limb loads, both of which have had a substantial impact
on research paths and have received numerous citations. The
shifting pattern of annual publications highlights variable
research interest and funding availability throughout time,
displaying peaks and valleys in research production. Authors
such as Reid, Elliott, and Farrow emerge as key personalities,
with significant contributions and large collaboration net-
works. The prevalence of medical and health-related fields
in published publications indicates a strong emphasis on the
biomechanical and physiological elements of tennis serves.
Geographically, Australia and France lead in research out-
put, with major collaborations seen amongst countries such
as the United States, China, and Germany. Future research
should investigate broadening interdisciplinary cooperation,
incorporating technological improvements, and investigat-
ing underrepresented topics including psychological aspects
and novel methodological approaches. By addressing these
features, researchers might further improve our understand-
ing of tennis serve mechanics, perhaps improving player
performance and injury prevention techniques.

However, it is critical to recognize some limitations in
this study. Citation counts may be biased towards older,
more established works, perhaps disregarding recent
advances or developing trends. The bibliometric study
is also largely concerned with quantitative indicators,
which may not fully represent the qualitative impact or
innovative contributions of certain books. Furthermore,
the geographical concentration on individual countries may
leave out significant findings from locations with burgeoning
tennis research communities.

This research has consequences beyond academia, in-
cluding practical applications in sports science and training.
Researchers may enhance the subject of serve dynamics in
tennis by encouraging ongoing collaboration and innova-
tion, providing players, coaches, and sports enthusiasts with
better insights into performance optimization and injury
prevention techniques.
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AuHamika nopavi: 3actocyBaHHA 6i6niomeTpnuHoro
MeToAYy B KOHTEKCTi aHanisy KiHeTUKM Ta KiHeMaTukm
BMKOHAHHA TeXHikn nogay “flat” ta “topspin” y TeHici

Cynin Kymap'AP“PE, Parna [Jac**BCPE, Kymarpa Baitpari'A®“PE, Manxan Cinrx*ABcPE

'TIpexkpacHmit mpoceciliunit yHiBepcuteT

*[>xaBaxap HaBopait Bigpsai

*YuiBepcureT Amiti

ABTOpCHKNMIT BKIAM: A — fU3aiiH BOCTiIKeHHs; B — 36ip ganux; C - crarananis; D - migrotoska pykomucy; E - 36ip xomTis

Pedepar. Crarrs: 10 c., 2 Tab1., 8 puc., 41 mKepeno.

Merta pocnigxennsa. Mera JoCTiPKeHH:A MO/IATana B KOMIVIEKCHOMY BMBYEHHI iCHYI0YMX HayKOBMX Ipallb 3 aHali3y KiHe-
TUKM Ta KiHeMaTuKM BUKOHAHHsA TexHikn nogad “flat” (ynap 3 HeBenukum 6i4HnM obepTaHHAM ab0 IIOCKA MOfada) Ta “topspin’
(ymap i3 cunpHUM BepXHiM oOepTaHHAM ab0 TOI-CIiH) Y TeHici, 3 0COOIMBMM aKIIEHTOM Ha MOKpAllleHH] pe3y/IbTaTMBHOCTI
Ta 3HVYKEHHI PU3MKY TPaBMyBaHHsA I'PABLIiB.

Marepian Ta MeTOAM. 3a/1/Is OTPUMAHHS LIITICHOTO PO3YMIHH: JaHNX, Y HAyKOMEeTPIU4Hiit 6a3i Scopus 3iliCHIOBaBCS MOIIYK
3a TppbOMa 3MIHHMMU B KO>KHOMY 3amnuci: (1) iM’st aBTopa, (2) Ha3Ba >KypHaIIy, B AKOMY 6y/10 ony0/1iKoBaHO CTaTTIo, Ta (3) 3arasb-
Ha KiIbKICTb LuTyBaHb. BibmioMeTpryHmil aHamia 6y/I0 3aCTOCOBAHO SIK CK/IA[0BY aHa/Ii3y. 3 METOK OTPMMAHHS IPYHTOBHOTO
i TouHOrO OCMIUCTIEHH iH(OpMAIii, OTpUMaHi pe3ynIbTaTy OyaM poaHaTi30BaHi Ta iHTepIpeTOBaHi 3 BUKOPUCTAHHAM pisHOMa-
HITHUX MeTOAIB TpiaHryALil faHux. [To6ygoBa AUCTAHIITHIX MepeXX CyMDKHOCTEl /L IpOBefeHHs 6i6/1ioMeTpiYHOro aHaisy
Ta CUHTe3Y 3AiMICHIOBAIACA 3a JOIIOMOro0 IporpamHoro 3abesnedenns VOSviewer. Kimacngikaris ta rpynyBaHHs TepMiHiB,
OTPUMAaHNX 3 Ha3B, AHOTAL{} Ta K/IIOYOBYX CJIiB, IPOBOAV/INCS HA OCHOBI CTYIIeHs iX B3aeM03B’a3Ky. Tepminu «/InHamika nogaui
B TeHici», «KiHeTn4yHMI a”Hami3 rmogadi B TeHici», «KiHeMaTUYHMIT aHATi3 ITOfaYi B TeHici», «IImocka i Torcmin momaya B TeHici»
YacTO BUKOPUCTOBYIOTBCA B HOC/I/IKEHHI, OJHAK iX 3HaUYeHHS, K IPABIIO, TPAKTYIOThCA I10-Pi3HOMY. 3a pe3y/IbTaTaMy IOLIYKY
6yno BusABIeHO 125 pobir i 2807 uuTyBaHb, AKi BUKOPMCTOBYBAINCA B JOCII/KEHHI, TIpOBefieHOMY B Iepiof; 3 2001 mo 2024 pix.
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Pesynbratn. OTpumaHi pesyabrarti JOCIPKEHHs BU3HAYNMIN IPOBIZHMX HAYKOBIB, KpaiHN Ta mpegMeTHI 00/1acTi, siKi
CIIPUAIOTH BCEOIYHOMY PO3YMIHHIO JOCTIIHUIIBKIX MOJE/IeN, HallOi/IbIll BATOMUX JOCTiXKeHb, aBTOPCHKOI JMHAMIKM, TeMaTU4-
HIX KacTepiB Ta MDKHApOIHOI CITiBIIpalli I[O/I0 aHa/Ti3y KiHeTMKY Ta KiHeMaTVK/ BMKOHAHHA IIJIOCKOI Ta TOI-CIIiH ITofaY Y TeHici.

BucnoBku. OTxe, TOC/I/PKeHHA KOHCOIAYBa/IO HasABHY iH(GOPMAIIii0 Ta BUSHAYMIO HOTEHIIIHI HIIAX) HOJa/IbIIOTO PO3-
HMIMPEHHSA CIIEKTPa MDKIVCIMITIIHAPHUX JOCTIIKEHb y Talysi TeXHiKM BMKOHAHH:A II0Oflad Y TEHiCi.

KirouoBi croBa: 6iomexaHika, TeHic, aHa/Ii3 KIHETHKY Ta KIHEMaTHKM, IJIOCKA MOja4a, Iofjava i3 CMIbHUM BepXHIM obepTaH-
HSAM, AVMHaMiKa ofadi, 6i6ioMeTpryHMI aHai3, mporpamue 3abesneyennst VOSviewer.
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Abstract

Objectives. The study aimed to provide a systematic review of physical training methods to improve the physical
condition components of elite taekwondo athletes in the kyorugi category.

Materials and methods. An extensive literature assessment of earlier research was carried out. The objective was

to examine articles published between 2020 and 2024 that describe strategies for improving the physical condition
component of tackwondo athletes. The electronic search was conducted using Google Scholar, PubMed, Web of Science,
and Scopus. The articles that addressed methods for enhancing physical condition through exercise were compiled.
Results. Sixty publications used training approaches to enhance the physical condition component of elite tackwondo

athletes in the kyorugi category. Based on the physical state that is assessed and improved, items are categorized. Among
the physical training methods that can be applied in the Taekwondo category of kyorugi are plyometric training, circuit
training methods, speed, agility, and quickness (SAQ) training; strength training, endurance training, flexibility training,

reaction training, power training, coordination training, balance training, resistance training, and functional training.
Conclusions. After thorough analysis, several training techniques have been shown to be effective in enhancing the
physical attributes of elite tackwondo athletes in the kyorugi category. These attributes include flexibility, response,
strength, power, coordination, agility, speed, balance, and VO, max.

Keywords: systematic review, tackwondo, kyorugi, physical condition components.

Introduction

The physical challenge of taekwondo is shown in the level
of activity and physiological reactions that take place through-
out a tournament. Corresponding physiological responses are
associated with an individual’s psychological condition. This
is consistent with Nugroho’s assertion that people may ef-
fectively and appropriately handle the stress they encounter
and overcome obstacles in their lives, which is defined by
control, commitment, and difficulties (A.R. Nugroho, 2023).
In-depth individual counselling is required in order to offer

©  Fachrezzy, E, Maslikah, U., Hermawan, I, Jariono, G.,
Nugroho, H., & Syahruddin, 2024.

" Croper

~3

/ TMOB

: @ TOB 0BC

[
T

=]

substitute answers (Firmawati, 2023). The goal of counselling
is to help people understand who they are, get past obstacles
in their personal, social, emotional, or academic lives, and
reach their full potential in a variety of spheres of life (Rababa
et al., 2022). Similar to this, practicing taekwondo-in calls for
excellent physical and psychological health (Ouergui et al.,
2022). The degree to which a person's body is in good shape or
not is determined by their physical state (Gallardo & Garcia-
unanue, 2023). In order to withstand the physical demands of
competing at a high level of competition, tackwondo-in must
be in optimal physical condition (Ms & Jun, 2022). In addi-
tion to providing a structured strategy for reaching long-term
professional objectives or official competition preparation,
training sessions are an element of attempts to satisfy physical
needs (Pryimakov et al., 2023).
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Physical conditioning, which tries to enhance biomotor
skills and optimize physiological capacity, is the most crucial
aspect of taeckwondo training (Sim et al., 2022). In line with
the training objectives, physical training can also be accom-
plished in a manner that is focused on growth and structure
(Hermawan et al.,, 2021; Jariono, Nugroho, et al., 2021; Jari-
ono, Nurhidayat, Sudarmanto, et al., 2021; Jariono & Subekti,
2020; H. Nugroho et al., 2021). Due of the intricate technical
and tactical content of tackwondo. The only methods utilized
to determine the elements of physical condition are the tour-
naments and training of Indonesia’s top taekwondo competi-
tors. Since Taekwondo-in is a cohesive unit, it is impossible
to dissect their performance into its component elements.
As a result, training plans that are tailored to the needs of the
sport are created. Because of this, the goal of this study was to
evaluate the training methods employed to enhance the tae-
kwondo-in physical condition component and to compile the
results of all the studies. in order to observe the tackwondo
athletes’ physical conditioning training procedure.

Taekwondo has extensive technical and tactical content;
thus, physical training can also be done in its own style that
is aimed towards the training goal from a structural and
developmental point of view. The components of physical
fitness are determined by the championship activity itself.
The physical state of elite tackwondo athletes is a functional
unit that works as a whole; hence, it is impossible to dissect
their performance into its component elements. This results
in the creation of a training regimen tailored to the specific
requirements of the sport. Therefore, in order to monitor
the process of physical conditioning exercises that are in line
with taekwondo athletes, this study attempts to investigate
the training strategies used to enhance the physical condition
of taekwondo-in and explain the findings of each study.

Materials and Methods

Database and Search Profile

This systematic review is carried out using electronic
searches on Google Scholar, Web of Science, Scopus, and
PubMed. The terms “training” and “Taekwondo” are com-
bined while conducting electronic searches. The search

strategy is divided into four parts. Initially, 800 papers were
located by electronic searches of the PubMed, Web of Sci-
ence, Google Scholar, and Scopus databases. The second
round of screening involved 200 article titles and abstracts
and 500 items were eliminated. There were now 100 articles
after 100 things were removed for various reasons. The third
step involves a comprehensive evaluation and analysis of
the entire work, covering the title, abstract, methodology,
results, discussion, and conclusion. Following a thorough
review of the articles, forty were disqualified for not fulfill-
ing the prerequisites for membership. Reading the relevant
document is the fourth step. As of right now, fresh studies
have yet to be included. Thus, a total of sixty publications
exists. The systematic review started in January 2020 and will
be updated every three months until March 2024. Table 1
outlines the search tactics for the databases Google Scholar,
Web of Science, PubMed, and Scopus, as well as the historical
context of the searches. Table 2 then explains the inclusion
and exclusion criteria. Papers for meta-analysis were chosen
using the PRISMA Statement for Meta-analysis, which cov-
ers Identification, Eligibility Screening, and Inclusion, after
the literature was reviewed (Page et al., 2021) (Figure 1).

Methodological Quality Assessment

Eleven PEDros (Physiotherapy Evidence Database) cri-
teria were used to evaluate the quality of the examined pub-
lications, and their methodological quality was also evalu-
ated. Good articles help users overcome obstacles like time
constraints and poor critical thinking abilities, and they also
make it simpler to incorporate high-quality clinical research
into clinical practice. According to Moseley et al. (2020),
articles with a score of eight to eleven are regarded as having
high methodological quality, articles with a score of four to
seven are regarded as moderate, and articles with a score of
four or less are not evaluated. Clinical practice guidelines and
systematic reviews are not evaluated (Moseley et al., 2020).

Moderator Evaluation

Aiming to provide data with six or more subgroups for
comparison (e.g., female versus male; Pencak Silat versus

Table 1. Shows the search technique (code line) and search history background for each database

The search’s date Databases

Keywords

January 2020 Google Scholar, PubMed

March 2021 Google Scholar, Web of Science (Core
Collection), Scopus, and PubMed

May 2022 Google Scholar, Web of Science (Core
Collection), Scopus, and PubMed

June 2023 Google Scholar, Web of Science, Scopus
(Core Collection), and PubMed

March 2024 Google Scholar, Web of Science, Scopus,

and PubMed (Core Collection)

“Plyometric training’,

“Plyometric training

» «

Circuit Training’,

» « » <«

) “Circuit Training”, “Speed, Agility, and

Quickness (SAQ)”, “Strength”, “Endurance’, “Flexibility”, “Reaction’,

“Power”, “Coordination’, “Balance”, “Resistance”, “training”

» « » <«

“Plyometric training”, “Circuit Training”, “Speed, Agility, and
Quickness (SAQ)”, “Strength”, “Endurance”, “Flexibility”, “Reaction’,

“Power”, “Coordination’, “Balance’, “Resistance’, “training”

“Plyometric training”, “Circuit Training’, “Speed, Agility, and
Quickness (SAQ)”, “Strength”, “Endurance’, “Flexibility”, “Reaction’,
“Power”, “Coordination’, “Balance’, “Resistance”, “training”, and
“Functional training”

“Plyometric training”, “Circuit Training’, “Speed, Agility, and
Quickness (SAQ)”, “Strength’, “Endurance’, “Flexibility”, “Reaction’,
“Power”, “Coordination”, “Balance’, “Resistance’, “training”, and

“Functional training”
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Table 2. Inclusion and exclusion criteria of a systematic review of physical activity

. . Criteria
Classification
Inclusion Exclusive
Population Athletes practicing taekwondo are in good Individuals with health issues (such as recent surgery or injury)
health and have no limitations on their level of ~ are prohibited from participating in scheduled circuit training
competition, gender, or age and plyometric exercise
Intervention Programs that involve unilateral and bilateral The exercise intervention was devoid of any Plyometric
leaps and last at least three weeks, such as workouts, circuit training (such as training treatments that
plyometric training and circuit training, typically ~focus solely on upper body plyometrics), or plyometric exercise
employ pre-stretching or Countermovement, interventions when combined with other training interventions,
which emphasizes cycles of stretch-shortening jump training programmes make up less than 50% of the whole
training load (volume, e.g., number of exercises) (e.g., high-load
resistance training)
Comparator The group under control is traditional sports I do not have a control group
training, alternative training methods, physical
activity, and sedentary
Result At least one measurement was taken both before  Primary data and follow-up need to be included

and after the intervention exercise that is related
to aspects of physical condition (e.g., body fat;
countermovement jump height) and sport-
specific performance (e.g., kicking speed)

Stage 1
Electronic search via google scholar,
Scopus, a PubMed identified 800 articles

IDENTIFICATION |—|

500 excluded by
title and abstract
Stage 2
SCREENING > filtered titles and abstracts
identified 300 articles
T 200 ded on
v the grounds of

Stage 3
Read and analyse entire articles
identified 100 articles

17

Stage 4
relevant articles to analyse 60 articles

ELIGIBILITY —>

40 issued based
on inclusion
criteria

INCLUSION —»

Fig. 1. Diagram of the search process flow

taekwondo; Physical Training Methods (PTM) and Physical
Condition Components (PCC) less than eight weeks
compared with PTM and PCC more than eight weeks),
moderator analyzes were planned. For subgroup allocation,
the median split technique (Moran et al., 2017, 2018) was
applied as appropriate.

Results

Number of Results Reviewed

800 papers were located in the first round of computeri-
zed searches using Google Scholar, Web of Science, Scopus,
and PubMed; no duplicate articles were discovered. The next
step involved filtering 500 articles using the title and ab-
stract; the second stage involved filtering again using the title
and abstract; 200 articles were removed along with a justifi-
cation; the third stage involved reading and analysing every
article by determining the outcomes, leaving 100 articles

to be reviewed overall. Out of the 100 articles, 40 were dis-
carded, leaving 60 articles that satisfied the notability stan-
dards according to the PEDro scale. The physical condition
component is used to group this item (table 3).

Exercise Significance Results

Regardless of gender, age, professional level, novice or
expert athletes, or the kind of training done, of the 60 studies
that were chosen and examined, an overall analysis of the
60 publications produced noteworthy findings regarding the
physical state of tackwondo athletes.

Discussion

Plyometric Training

A workout regimen that improves both strength and
speed is called plyometric training (Subathra et al., 2023).
This exercise is necessary for tackwondo athletes because it
tests their ability to respond forcefully and swiftly in both
attacking and defending situations (Kim & Lee, 2023).
Accordingly, it has been demonstrated that plyometric
exercise increases explosive action (Thapa & Ramirez-
campillo, 2023). This can be explained by the fact that several
exercise kinds are done, which could affect the exercise’s
outcomes (Moran et al., 2023). As noted by Fischetti et al.
When coupled with other activities, Fischetti, et.al. (Fischetti
et al.,, 2018), which mixed weight training and plyometric
training in a three-group experiment, produced varying
results (Deng et al., 2023). Three groups were assigned: one
for weight training exclusively, another for weight training
combined with plyometric exercises, and a control group
(Huang &Huang, 2023). After six weeks of training, the results
demonstrated that plyometric training more successfully
enhanced sprinting, acceleration, deceleration, and jumping
than did weight training alone (Campillo et al., 2023). Better
outcomes for enhanced muscle performance are obtained
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Table 3. Features and outcomes of tackwondo athletes’ physical condition component training programs

N. Author, Year Physical Condition Variable Training Type Sig.(p)
1 Bujak & Gierczuk, 2024 Power, physical performance Anaerobic Performance and Competitive Sig.
Experience
2 Taha, 2024 physiological capacity and technical ~ Training Program Using High-Intensity Sig.
performance Interval Training
3 Vincent, 2024 Balance and Single-Leg Functional performance Sig.
4 Messaoudi et al., 2024 Plyometric - based conditioning Combination with a plyometric-based CA Sig.
activity (CA) during warm-up setups an individualized
warm-up strategy and serves to improve the
subsequent specific performances
5 Boyanmis, 2024 Strength Measurement Herman Tainer, Manual Tester, and Standing Sig.
Long Jump
6 Fadhila et al., 2024 Weight Loss Circuit Body Weight Training Sig.
7 Niewczas et al., 2024 Psychomotor skills With training experience, body mass, and Sig.
technical-tactical skill levels
8 Thurlow et al., 2024 Physical Fitness and Physiological Repeated-Sprint Training Sig.
Adaptation
9 Tropin et al., 2024 Strength performance Static-dynamic exercises Sig.
10 Lubis et al., 2024 Body composition, power, and Six-week plyometric, functional, and interval Sig.
kicking speed trainings
11 Tomasz et al., 2024 Strength Effective Mass on the Strength of Side and Sig.
Turning Kick
12 Kim & Lee, 2023 Physical Fitness and Electronic Basic physical fitness (muscle endurance, Sig.
Hogu Hitting Ability flexibility), isokinetic muscle function (knee
endurance, low back strength),
13 Arnando et al., 2024 Ability Agility Training
14 Lietal, 2023 lower limb explosive strength Circuit strength combined with blood flow Sig.
restriction training
15 Khazaei et al., 2023 Bio motor capacities Traditional resistance training and Sig.
functional training
16 Kim & Lee, 2023 Body Composition, Physical Fitness 12 Weeks Weight Training and Plyometric Sig.
and Electronic Hogu Hitting Ability = Training
17 Kudryavtsev et al., 2023 Physical fitness and sport Short-term functional training intervention Sig.
performance
18 Jeong et al., 2023 Effects of Tackwondo Training on A Systematic Review and Meta-Analysis of Sig.
Growth Factors in Randomized Controlled Trials
19 Ouergui et al,, 2023 Plyometrics, repeated techniques Effects of conditioning activity mode, rest Sig.
interval and effort to pause ratio on post-
activation performance enhancement
20 Nabilpour et al., 2023 Psychological skills, anaerobic An investigation into the associations Sig.
fitness, and aerobic fitness between
21 Thapa & Ramirez-campillo, ~ Physical Fitness A Systematic Review with Meta-Analysis, Sig.
2023 Plyometric-Jump Training
22 Nia et al., 2023 Limb Muscle Power Components, Contribution of Dollyo Chagi’s Kick Sig.
Leg Length, and Pelvic Flex
23 Abadi, 2023 Metacognitive Beliefs and Sports The Effect of Mental and Physical Training Sig.
Performance
24 Hikmabh et al., 2023 Increasing agility ladder drill training effective Sig.
25 Fajar et al., 2023SAQ, and Improving leg power and Dolyo plyometric, SAQ, and circuit training Sig.
Traning Circuit Chagi kick speed methods
26 Fajar, 2022 Power, Agility, and Resting Pulse Plyometric Exercise and Ladder Drill Sig.
27 Iwan Hermawan et al., 2022 Physical condition Descriptive study Sig.
28 Noor et al., 2022 Psychological and Physical Factors ~ Systematic Review Sig.
29 Pryimakov et al., 2022 Physical development, speed and Relationships between the parameters Sig.
strength fitness
30 Ambro, 2022 Physical Fitness CrossFit Training Sig.
31 Rydzik et al., 2022 Physical Fitness Training Experience Sig.
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Table 3 (continued)
N. Author, Year Physical Condition Variable Training Type Sig.(p)
32 Harbili et al., 2022 Strength bilateral isokinetic and isometric strength Sig.
differences
33 Taati et al., 2022 Aerobic power, anaerobic fitness, Specific field test for estimating aerobic Sig.
and agility performance power, anaerobic fitness, and agility
performance
34 Ouergui et al,, 2022 Psychological and Physical Low Dose of Caffeine Ingestion Combined Sig.
Performances with Conditioning Activity
35 Rocchi et al., 2022 Endurance and power High intensity functional training Sig.
36 Srianto & Siswantoyo, 2022 Speed and Flexibility Biomotor Analysis Sig.
37 Ansharudin et al., 2022 Agility and Speed Traditional Sports Practice Sig.
38 Rocchi et al., 2022 Endurance and power High intensity functional training Sig.
39 Jariono, Nurhidayat, Special preparatory physical Strategies to improve jump service skills Sig.
Nugroho, et al., 2021 condition training program, pre-
competition physical condition
training program, main competition
physical condition training program,
transition physical condition
training program, and compiling an
exercise program
40 Waffak et al., 2022 Agility Water exercise and sand exercise training Sig.
methods
41 Gen, 2021 Athletic Performance Plyometric Training Program Sig.
42 Alfian Noha Zulkarnain, Speed and agility Body weight strength training and Sig.
Agus Kristiyanto, 2021 plyometric
43 Ruddock et al., 2021 High-Intensity Conditioning Practical Recommendations Sig.
44 Baek et al., 2021 Training on Body Composition Training on Body Composition: Sig.
A Systematic Review and Meta-Analysis
45 Fachrezzy et al., 2021 Physical condition, self-confidence,  Kicking ability Sig.
and comparison of leg muscle
explosive power and core stability
46 Junior, 2021 Strength-endurance Developing Sig.
47 Chun et al,, 2021 Anaerobic Power and Dynamic Core Balance and Plyometric Training Sig.
Postural Stability
48 Ojeda-aravena et al., 2021 General and Specific Physical Fitness Technique-Specific Protocol with High- Sig.
Intensity Intervals
49 Sung et al., 2021 Preliminary Study of Pre-Season Personal Isolation Training Sig.
Taekwondo Preparation Strategy
50 Yilmaz, 2021 Performance Different Flexibility Studies Sig.
51 Enrique et al., 2020 Improves specific performance High-intensity interval training Sig.
52 Zadoroznha, 2020 Tactical training of elite athletesin ~ Practice and experience Sig.
Olympic combat sports
53 Khayyat et al., 2020 Physical, physiological and Descriptive Sig.
psychological
54 Silva et al., 2020 Acute weight loss and physical 12 hour-fasting promoted by breakfast Sig.
performance omission
55 Alp & Gorur, 2020 Explosive Strength and Anaerobic =~ Comparison of Tackwondo and Karate Sig.
Power Performance Athletes
56 Lee et al., 2020 Functional ankle instability Plyometric versus ankle stability exercises on Sig.
lower limb biomechanics
57 Prieske et al., 2020 Anthropometry, Body Composition, An Exploratory Study Sig.
and Physical Fitness
58 Vasconcelos et al., 2020 High-Intensity Interval Trainingin A Systematic Review with Meta-Analysis Sig.
Combat Sports
59 Orkun AKCAN et al,, 2020  Body Composition and Muscular High Intensity Interval Training in Different Sig.
Strength Forms Applied to Combat Athletes
60 Torrealba et al., 2020 Performance high-intensity interval training in hypoxia Sig.
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by gradually increasing the number of plyometric activities
(Henrique et al., 2023).

Circuit Training Methods

According to Stojanovi¢ et al (Stojanovic et al., 2023) the
circuit training approach consists of a sequence of exercises
where each post has a single type of action. The number of
posts can range from 4 to 12. One of the more sophisticated
training techniques for enhancing general physical health,
including the fundamental biomotor components, is circuit
training (Ziyaiyan et al., 2023). Circuit training is defined as
training that consists of a set of distinct exercises performed
consecutively and continuously at each post during a single
lap (Sunarto et al., 2023). Leg muscle explosiveness can
be greatly increased by circuit training, especially circuit
training that incorporates strength and speed training
movements (Subathra et al., 2023).

Speed, Agility, and Quickness (SAQ) Training

One of the training techniques that has gained popular-
ity is speed, agility, and quickness (SAQ), which affects the
development of fundamental skills to help athletes become
more proficient with greater speed and accuracy (Sharma,
2023). One of the most effective contemporary sports train-
ing techniques is SAQ exercise, which promotes quick move-
ments and enhances agility, response speed, fitness, explosive-
ness, and non-aerobic capacity (Ateef Abdul-Khaleq Ahmed,
2023). The activities in the training program are suitable for
enhancing speed and agility, and they also lead to the cre-
ation of a more relevant and functional motor program that
regulates intricate intramuscular coordination (Singh, 2023).
Via neuromuscular growth, SAQ can also acquire the abil-
ity to govern gestures. Reprogramming the neuromuscular
system to increase mobility efficiency is intended to enhance
multidirectional mobility and explosiveness.

Strength Training

According to (Gabler et al., 2018) strength is the most
crucial element that forms the basis for other physical
condition elements and is a prerequisite for nearly all sports.
To grab the coach’s attention, you must therefore increase
the strength component’s capacity. Strength is a physical
attribute that can be enhanced to the fullest extent possible
based on the demands of each sport (Jamka et al., 2022).
Sports games will not require the same level of strength
needed for weightlifting (Murlasits et al., 2017). The ability
of a muscle to execute continuous or repetitive work against
resistance with maximum effort is another definition of
muscle strength (Jamka et al., 2021).

Endurance Training

Anaerobic endurance is required in taekwondo sports
for competitive levels of play. Tackwondo competitors
must use all of their physical prowess to execute attacks in
the fast-paced, high-tempo championship (Demir, 2023).
One of the most important components of motor skills is
endurance, which comes from a student’s psychological
ability to support movement at any given time (Bahtra et

al,, 2023). The capacity of muscles to sustain high-intensity
activities or static positions is known as muscle endurance
(Markov etal., 2023). A condition that emphasizes the ability
to work continuously in an aerobic environment is called
endurance. The ability to perform a task for a long period
of time without experiencing excessive fatigue is called
endurance (Matomaki et al., 2023). When it comes to muscle
training, endurance is the capacity to train a muscle or set
of muscles in a specific amount of time, whereas the body’s
organs’ capacity to function within a specific time frame is
measured by the energy system (Bruggisser et al., 2023).

Flexibility Training

The development of athletic accomplishments depends
heavily on the flexibility component. Because other aspects of
physical conditions are significantly impacted by flexibility.
One of the things that leads to subpar performance and
ineffective technique is a lack of flexibility, which can also
result in excessive stress and tears in the muscles during
exercise (Vetter et al., 2023). According (Bouguezzi et al.,
2023) state that insufficient flexibility is the reason for both
inadequate endurance and a lack of speed. The muscles will
have to work harder to overcome the resistance of dynamic
and prolonged exercises if there is insufficient flexibility
(Warneke, Wohlann, et al., 2023). One may become faster
and more agile, and their energy consumption may even
decrease, by expanding their range of motion in their ankles,
pelvic, buttocks, and shoulder joints. to enable sportsmen to
exert more energy and work for longer (Warneke, Wirth, et
al., 2023). Elevated testing of flexibility could be linked to
strain-induced modifications in the muscle-tendon complex
(Wohlann et al., 2023). According to (Sobrinho et al., 2023),
multicomponent training in conjunction with flexibility
training improves joint angles and body alignment while
also lowering blood pressure.

Reaction Training

The ability to initiate a kinetic response as fast as pos-
sible in response to a stimulus is known as reaction speed
(Rozi et al., 2023). The degree to which the perception sit-
uation, the kinetic response to be executed, and the state
of the physical environment are recognized all influence
how quickly an individual reacts (Sullivan & Jeong, 2022).
Having quick reactions is crucial for enhancing athletic per-
formance. Reaction speed is immediately used to generate
effective, efficient, and economical motions, facilitate the
mastery of advanced methods, coordinate multiple move-
ments, and aid in self-adjustment to the opponent and his
surroundings (Romanenko et al., 2022).The sports involved
will be impacted by speed. in connection with power. This is
due to the fact that power output increases with speed. This
is so because power is built through speed.

Power Training

The attack or defence’s computed value is determined
by how accurately, rapidly, steadily, and strongly it strikes
the target field; this power is essential to any strategy that
is used (Taati et al., 2022). The power in question is the
strength associated with the arms and legs, which are the
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fighting equipment used in tackwondo (Rocchi et al., 2022).
A taekwondo practitioner with strong arm muscles can
execute punches and other arm-powered attacks with ease.
This along with their excellent coordination will allow them
to score the desired number of points.

Coordination Training

Technical proficiency and physical prowess have a major
role in taekwondo skills (Brach et al., 2022). Coordination is
one of the physical qualities a taekwondo athlete needs to have
in order to execute offensive moves (Lyuchkova et al., 2022).
The capacity to combine a wide range of movements into one
or more targeted motion patterns is known as coordination
(Miftachurochmah & Sukamti, 2022). Exercises that include
flexing the body are designed to strengthen the muscles,
respiratory system, and central nervous system. Regular
exercise routines that incorporate balance and agility
exercises will improve motor coordination.

Balance Training

Exercises for improving balance can also assist prevent
injuries to the body and increase strength, flexibility, and
ability (Mccrum etal., 2022; Sarasso et al., 2022). The capacity
to keep the neuromuscular system in an eflicient position or
attitude to move, whether attacking or defending, is known
as balance.

Resistance Training

For optimal results, resistance training (RT) combined
with aerobic training is recommended (Serafim et al.,
2023). As a result of this knowledge growing and the desire
to increase physical activity, various RT techniques have
been developed (Way et al., 2023). This approach gives little
weight to aesthetics or sports performance enhancement
when evaluating health, well-being, and quality of life
(Burgos-jara et al., 2023). Resistance training is a type of
physical activity that uses specialized equipment to enhance
muscular function and shape (Weakley et al., 2023). In order
to increase muscle strength, endurance, mass, growth, and
hypertrophy, this exercise will teach muscles to contract
against the instruments utilized (Jukic et al., 2023).

Functional Training

Specialized physical exercises that develop strength
throughout the body are part of functional training (Raphael
et al,, 2023). The athlete’s mobility and stability will improve
when they execute the exercises during functional training
appropriately (Wang et al., 2023). Exercises known as
“functional training” involve the use of basic instruments
or no tools at all, such as one’s own body weight (Oliveira
et al,, 2023). Sports motions that are modified to the body’s
movements during everyday activities are generally referred
to as functional training (Pantoja-cardoso et al., 2023).

Conclusions

Following a detailed examination, it was discovered
that a large number of training regimens were created with

the goal of enhancing the tackwondo competitors’ physical
attributes, such as strength, muscular strength, speed and
acceleration, flexibility, agility, explosiveness, and balance.
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Abstract

Background. Hurdling is a dynamic and technically demanding sport within athletics. It requires a unique
combination of speed, agility, coordination, and strength to support good technique and achievement. The ability to
excel in this sport depends on the athlete’s mastery of these components, making it an interesting subject for sports

science research.

Objectives. This study aimed to evaluate existing research on sports biomechanics as it relates to improving hurdling

performance.

Materials and methods. The study was conducted using the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) methodology of the relevant literature. A total of 15 articles published between 1990 and
2023 were identified as relevant to the focus of the study and selected for in-depth analysis.

Results. The findings showed that sports biomechanics research in hurdling training has mainly concentrated on the
following key areas: kinematics analysis, the application of technology, and the potential injury studies. Although
significant progress has been made in understanding the biomechanics of hurdling training, this study suggests the need
for further and more comprehensive research. The research mentioned should delve deeper into the biomechanical
factors influencing performance in order to develop optimal training methods and injury prevention strategies.
Conclusions. This review underscores the importance of continued research in this area, as it has the potential to
enhance training approaches and improve athletic performance in hurdling.

Keywords: hurdling training, kinematic analysis, technology applications, sports injuries, kinetic analysis.

Introduction

Sports science has undergone a significant development
from mere physical activity to a more structured physical
activity (Shestakov & Fomichenko, 2021). Sports science
began to become part of a legitimate academic field with
numerous scientific studies in sport and physical training
(Yan & Girard, 2023). Advances in technology and research
methodologies resulted in the expansion of the scope of sports

© Ardha, M. A. A, Nurhasan, Supriyanto, C., Bikalawan, S. S.,
Yang, C. B,, Putro, A. B., & Bimantoro, A. P, 2024.
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science (Schweinbenz,2016). Sportsscienceisascientific field
that includes aspects such as sports physiology (Lundgren et
al., 2015), sports biomechanics (Forte et al., 2021), sports
psychology (Zhang et al., 2021), sports nutrition (Amawi et
al., 2022), sports rehabilitation (Moylan & Horne, 2013), and
sports technology and analysis (Godfrey et al., 2023). The use
of wearables, GPS and other software, is aimed at monitoring
and improving the performance of athletes (Yu et al., 2022).
In addition, sports science also includes the study of the
social and cultural aspects of sport, as well as issues such
as inclusion, gender and ethics, indicating an increasingly
holistic approach to understanding and optimizing athletic
performance (Strudwick, 2023).
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The advancement of sports science has significantly con-
tributed to understanding the complexities of athletic perfor-
mance across various disciplines (Edouard et al., 2021). One
example that can be observed is in the hurdle race number.
Hurdles requires high coordination, balance, and timing to
integrate sprinting with the technical demands of passing ob-
stacles (Yendrizal et al., 2023). Hurdles represent a unique blend
of techniques requiring athletes to master those combinations
and achieve optimal performance (Loépez Del Amo et al., 2018).
Optimizing this performance is done through structured and
organized training (Terrell & Ficquette, 2023). Evaluation and
conditioning of athletes must be carried out, therefore the ath-
lete performance can be monitored regularly (Nie, 2022).

The implementation of sports science, one of which is in
sports biomechanics, becomes a means or media for evalua-
tion and training conditioning for coaches and athletes (Na-
varro et al,, 2021). The integration of biomechanical analysis
into hurdling is pivotal for dissecting the multifaceted elements
that contribute to an athlete’s success (Adashevskiy et al., 2014).
It also provides insight into technique optimisation, injury pre-
vention and performance enhancement (Gaudino et al., 2021).

Biomechanics as a sub-discipline of sports science, plays
a crucial role in elevating the understanding and execution
of hurdling (Gong et al., 2023). Through the detailed exami-
nation of kinetic and kinematic analysis, biomechanics aids
in identifying critical factors influencing hurdling efficiency
and effectiveness (Hanley et al., 2021; Nagahara et al,, 2021).
This allows for the precise tweaking of technique, informed by
evidence-based practices that can lead to significant improve-
ments in speed, height, nor overall performance (Iskra & Coh,
2011). Biomechanical analysis should consider on aspects such
as obstacle clearance technique, step pattern optimisation, and
the body angle formed from the jump (Coh et al., 2020).

This systematic review study aims to evaluate and analyze
the development of sports biomechanics research in hurdling
training. The competitive nature of hurdling and its technical
complexity require innovative methods to enhance athlete
performance. This systematic review also aims to explore the
current landscape of biomechanics research in hurdling, iden-
tifying key findings, gaps in the literature, and potential areas
for future investigation. By synthesizing the existing body of
knowledge, this review seeks to provide athletes, coaches, and
sports scientists with actionable insights that can be applied
to training and competition, ultimately pushing the boundar-
ies of what is achievable in the discipline of hurdling.

Materials and Methods

Materials for Analysis

Data collection was conducted on 22nd July 2024,
through the SCOPUS website using the keywords “sports”
AND “biomechanics” AND “hurdles”. Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
was applied in this study (Figure 1). During the identification
process, there were 43 articles in the period 1990-2023, but
not every year of publication related to the keywords used.

Organization of the Study

This was followed by a screening process and found
8 articles that were not related to sports and 20 articles

that were not related to sports biomechanics. Based on the
screening process, 15 eligible articles were obtained, but
the researcher only selected 10 articles. The selection was
based on the most citations and the most relevant articles
according to the keywords and objectives of this study.

Methods of Analysis

This research is a qualitative method with a systematic
review design. The database in this study comes from the
SCOPUS database. The selection of the SCOPUS database
as a systematic review study material is because SCOPUS is
an internationally accredited and credible platform. referred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) was applied in this study (Figure 1).

3
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Fig. 1. PRISMA flowchart of the article selection process

Results

Publications of Sports Biomechanics in Hurdles

Research conducted in the field of sports biomechanics,
especially in hurdling, has not experienced significant devel-
opment. This is shown through the presentation of graphs or
data based on the analysis of search results according to the
keywords used through the SCOPUS database (Figure 2).
Based on the results of data collection, research from 1990-
2011 was stagnant, there was no significant increase in those

Documents by year Scopus

7
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Documents
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1990 1993 1996 1999 2002 2005 2008 2011 2014 2017 2020 2023

Year
Copyright © 2024 Elsevier B.V. Al rights reserved. Scopus® is a registered trademark of Elsevier B.V.

Fig. 2. Publications of sports biomechanics in hurdles
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years. The increase began to occur in 2012-2023, with the
peak of publication results in 2016 totalling 6 publications.
However, the following year experienced a decline, and be-
gan to show a stagnant graph.

There is a disclaimer in the research results presented
in this graph. The results presented are not all publications
that are relevant to the keywords used. The results presented
are divided into several fields that are not relevant to the
keywords, such as ‘gymnastic; ‘animals OR dogs, ‘economy,
and others. Adjustments were not made by the researcher
due to the lack of research conducted in the field of sports
biomechanics in hurdling. If adjustments are made, the
graph will not be formed effectively due to the small number
of publications.

Countries Contributed on the Sports
Biomechanics in Hurdles

The results in this study are similar to those presented
in Figure 2. These results were not adjusted to capture the
trend of research development across countries. Although
the results are complex, they can be used as a visualisation
in observing the developments that occur. So that it can be
an evaluation in further research.

Based on the results presented (Figure 3), the United
Kingdom (UK) is the country with the most contributions
in sports biomechanics in hurdling. This is evidenced by the
number of publications as many as 18 articles, more than
2 times that of the United States (US). The US ranked second
with the number of publications is 8 articles. European
countries occupy the top position and are followed by
Australia at number 3. Asian countries are no less existent
by ranking 4th and 6th, namely China and Japan. The results
presented show that publications in sports biomechanics in
hurdling are dominated by countries in Europe.

Documents by country or territory

Compare the document counts for up to 15 countries/territories.

United Kingdom
United States
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China

Ireland
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Finland
Germany
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Belgium
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o
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»
o
-]

Systematic Review on the Sporst
Biomechanics in Hurdles Training

The articles selected for review were the result of a
screening process using the PRISMA method. The selection
of articles with the most citations and the most relevant was
carried out by the researcher by giving special notations to
the articles that had been reviewed. The results of the review
obtained 10 best articles that fit the criteria and objectives of
this study (Table 1).

Discussion

The application of sports science brings changes and the
development in hurdling. Sports science has connections
with various fields and results in hurdling training.
Especially sports biomechanics which possibly assist the
athletes to optimize their performance and minimize the
risk of injury (Bartlett & Bussey, 2013). The identification
results in the SCOPUS database, presented the research
trends about sports biomechanics in hurdles increases
dynamically. European countries such as the United
Kingdom and the United States are at the top of publications,
with 18 and 8 studies respectively. Furthermore, the results
of the systematic review are divided into 5 discussion topics.
These topics are based on the conclusions of the 10 articles
systematically reviewed in this study. The discussion on the
systematic review is presented as follows.

Velocity and Angular Momentum as
Important Role in Hurdles Training

Velocity and angular momentum are related in the
hurdling technique. In Velocity provides momentum to the
runner when taking off (Ozaki & Ueda, 2022). Based on
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Copyright © 2024 Elsevier B.V. All rights reserved. Scopus® is a registered trademark of Elsevier B.V.

Fig. 3. Countries contributed on the sports biomechanics in hurdles
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Table 1. Research results on the sport biomechanics in hurdling training

Author

Research purposes

Sample Characteristics

Study Design

Results

McDonald &
Dapena, 1991

A. Salo &

To obtain three-
dimensional (3D) linear
kinematic data on the
techniques employed by
Olympic-level male and
female hurdlers during
competition.

To investigate the

Grimshaw, 1998 kinematic variability and

Krzeszowski et
al., 2016

A.L T. Salo &
Scarborough,
2006

sources of variation in
sprint hurdle video motion
analysis.

To create an algorithm for
the estimate of parameters
for hurdle clearance

that are established by

analyzing image sequences.

To investigate how an

athlete’s own performance
changes in a sprint hurdles
run in terms of technique.

Thirty-two hurdlers - 23 men
and 9 women - were captured on
video using three-dimensional
techniques at the 1988 US
Olympic Trials.

Four women and three men
competing at the national level
in the 100-meter hurdles for
Britain offered their time to take
part in the research. The women’s
mass was 62 kg (mean + SD),
their height was 1.76 m (mean +
SD), and their age was 20.1 years
(mean + SD). For the men, the
corresponding figures were 1.83
+0.05 m, 80 + 8 kg, and 26.9 +
1.7 years. The men’s and women’s
personal best times for the sprint
hurdles were 14.11-15.38 seconds
for the 110-meter hurdles and
13.65-14.15 seconds for the
100-meter hurdles, respectively.

Five hurdlers in various training
phases participated in the analysis.
Two Polish youth champions

and four Polish runners-up were
among the candidates whose
names were on file.

Four athletes—two men and two
women—representing national or

international standards voluntarily

took part in the study and
provided their informed consent.
The female athletes, identified as
Athletes A and B, were 1.68 + 0.04
m tall, 25.5 + 2.1 years old (mean
+ SD), and weighed 58.5 + 6.3 kg.

Cross-Sectional
Study

Cross-Sectional
Study

Cross-Sectional
Study

Cross-Sectional
Study

A rise in vertical velocity and

a fall in forward horizontal
velocity when the hurdle step
is being taken off. After the
hurdle, the forward velocity
was mostly restored during the
second support period. The
center of mass’s (CM) downward
descent was not stopped until
the second support phase after
the hurdle was cleared. For the
male participants, the center of
mass (c.m.) parabola’s peak was
situated almost exactly above
the hurdle, but for the female
participants, it was situated
0.30 m forward of the hurdle.
The findings showed that, in
comparison to the men, the
women used a parabola with a
larger margin above the hurdle.

When used in conjunction

with the analytical system and
operated by a single person, the
results generated are sufficiently
precise and consistent for the
majority of variables used

in the kinematic analysis of
tasks like hurdle clearance.
According to the operator and
the combination of analytical
processes, displacement variables
showed the highest degree of
repeatability.

The assessment of tracking
quality was conducted

using both qualitative visual
assessments and ground truth
data. By manually matching a
3D model to the hurdlers in the
picture, ground truth data were
produced.

On each run, athletes showed

a decrease in their running
speed over the hurdle at the
ninth hurdle compared to the
third hurdle. In addition, every
participant showed signs of
exhaustion during the ninth
hurdle clearing. It is noteworthy
that the athletes’ observed
technical modifications were not
consistent. Even in situations
where weariness may be
affecting performance, athletes
can learn how to cross the hurdle
at a higher horizontal velocity
with this method.
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Table 1 (continued)

Author

Research purposes

Sample Characteristics

Study Design

Results

Hasenkamp et
al,, 2017

Coh et al., 2020

Otsuka & Isaka,
2019

Falbriard et al.,
2020

To analyze the distribution
of total body angular
momentum between

the head, arms, and legs
during the women’s and
men’s 110-meter hurdle
races. This was carried out
in order to evaluate the
validity of the theories put
out in the literature and,
if needed, to provide new
explanations.

To analyze the
biomechanical
characteristics of the fifth
hurdle clearing technique
used by two world record
holders, Dayron Robles of
Cuba (who established a
time of 12.87 seconds in
2008) and Colin Jackson
of Great Britain (who set
a time of 12.91 seconds in
1994), in the 110-meter
hurdle event.

To compare different
competitive-level
400-meter hurdlers within
and between groups

in order to assess their
running pace and step
characteristics.

To determine whether
inertial and magnetic
sensors put on shoes may
be used to identify the
leading leg in 400-meter
hurdles and detect hurdle
clearance. Furthermore,
the study sought to offer
an examination of the
spatiotemporal aspects
of the hurdlers inside the
intervals delineated by
their positions.

Thirteen hurdlers—nine female
and twenty-three male—were
videotaped using three-

dimensional techniques during the

1988 US Olympic Trials.

Two elite hurdlers from around
the world took part in this
experiment: Dayron Robles from
Cuba (body mass 79 kg, height
191 cm) and Colin Jackson from
Great Britain (body mass 75 kg).
Both athletes were world record
holders in the 110-meter hurdles,
their area of expertise.

14 male 400-meter hurdlers
competing at the national level
and 13 male world-class hurdlers
(best records: 49.28 + 0.41 s and
47.71 £ 0.44 s, respectively).
Between 2010 and 2014, three of
the athletes were ranked in the top

20, with one person accomplishing

this accomplishment twice. These
two instances—the first in the
World rankings and the second in
the Japan rankings—occurred in
different rankings.

Ten male athletes (aged 22

+ 4 years, measuring 183 +

2 cm, weighing 69 + 6 kg, and
clocking 57 + 3 seconds) and

six female athletes (aged 23 +

3 years, measuring 165 + 4 cm,
weighing 55 + 2 kg, and clocking
64 + 3 seconds) volunteered to
compete in a single 400-meter
hurdles event, each of which was
outfitted with an IMU. Six female
participants (165 + 4 cm in height,
55 + 2 kg in weight, 64 + 3 sin
time) volunteered to compete in
a 400 m hurdles event that was
outfitted with IMUs.

Cross-Sectional The hurdle clearance is

Study

Comparative
Study

Observational
Study

Cross-Sectional

Study

contingent upon angular
momentum in the negative

X direction, which we have
designated as “forward rotation.”
This corroborates the hypotheses
previously put forth by other
authors. It was found that

the majority of the angular
momentum is present in the
right leg during the initial stages
of the airborne phase.

The height differential of 10 cm
between Dayron Robles and
Colin Jackson results in a lower
flight parabola for the Cuban
athlete during hurdle clearance.
In comparison to Jackson’s
achievement, Robles’ technique
of hurdle clearance is more
effective. It is possible to argue
that the strategies each athlete
used to clear the hurdle have
already reached the peak of their
effectiveness.

The national-level hurdlers’
times were far longer than those
of the elite hurdlers, as evidenced
by a comparison of their times
from the first and second parts
of the competition. SL and

SF did not significantly differ
between national-level hurdlers
and world-class hurdlers during
the later phase. Comparing
competitors in the same group
showed that none of them shown
a distinct preference for running
faster during the beginning part
of the race, as indicated by their
shorter finishing times.

The leading leg could be
identified with 100% accuracy
and hurdle clearance could be
detected with 100% accuracy
using the flight phase length
method. Additionally, we
achieved 100% accuracy in
hurdle clearance detection and
99.7% accuracy in identifying
the leading leg in a unipedal
setup by merging the swing
phase duration with the foot
orientation.
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Table 1 (continued)

Author Research purposes

Sample Characteristics

Study Design Results

Q. Li, 2014 To analyse the hurdle

knee joint, ankle joint,

and elbow and shoulder
injuries from a medical
perspective, combining this
with an understanding of
human structure. It makes
suggestions on how to
prevent and treat each type
of injury, with the aim of
standardising technical
motions, reducing hurdler
injury, and contributing to
the development of hurdle
techniques in our country.

participants.

Schmidt et al.,
2020

The original paper

is discussed in this
commentary, with an
emphasis on the ecological
validity and the suitability
of MIMU systems in
field-based contexts, such
elite athlete training or
competition.

A questionnaire survey was
conducted on 400 hurdlers,
with 250 male and 150 female

A recent paper entitled “Hurdle
Clearance Detection and
Spatiotemporal Analysis in

400 Meters Hurdles Races Using
Shoe-Mounted Magnetic and
Inertial Sensors” was published.

Survey Study  In the research process, a
questionnaire was initially
distributed to 400 athletes, with
the aim of identifying the most
common body parts affected

by sports-related injuries.

The results indicated that ankle,
knee, shoulder and elbow joints
were the most frequently injured
areas, with respective incidences
of 31%, 17 %, 16 % and 16 %.

Review Study ~ We suggest that both the change
of the data processing techniques
and the basic assumptions
underlying the error estimation
are inappropriate for use in

such an applied environment.

As such, these metrics do

not fairly represent the real
performance of athletes at a
modest skill level.

(McDonald & Dapena, 1991), velocity will increase when
the athlete’s position passes the hurdle, and will decrease
when the athlete passes the hurdle. Optimal velocity will
create effective angular momentum. Angular momentum
created with width and height, will minimise the risk of
athlete failure in jumping over the hurdle (Hasenkamp et al.,
2017). In addition, through good angular momentum will
have an impact on the smooth landing process as well. Thus,
the risk of leg injury from hurdles athletes can be minimised.

Variables for Kinematic Analysis of Hurdling Training

Two-dimensional analysis or kinematics analysis
supports the techniques in sport training and competition
(Peebles et al., 2021). Kinematics analysis in hurdles reviews
several aspects that affect the outcome of hurdle running.
Running speed, jump height, foot angle, and jump angle are
some of the kinematics analysis variables observed (Otsuka
& Isaka, 2019; A. Salo & Grimshaw, 1998; A. I. T. Salo &
Scarborough, 2006). The height and angle of the jump are
important variables that determine the athlete’s success in
passing the hurdle. The kinematic analysis has the potential
to provide the ideal recommendation for each athlete to
improve their performance.

Hurdles Clearance Technique of the Professionals

Technical mastery is key to the success of a sport
(Hassan & Morgan, 2015). Professional athletes do not show
significant differences in their technique. According to the
study of Coh et al. (2020), the height difference is often
highlighted when looking at the techniques of professional
athletes. This difference is due to the difference in velocity of
each athlete. The height distance between the body and the

hurdle indicates the effectiveness of the professional athlete’s
technique. Furthermore, the effective results were influenced
by the structured training method.

The Application of Technology in Hurdling Training

Technology has developed rapidly in the 21st century
(da Silva et al., 2023). These developments have made
significant changes in sports (G. Li & Huang, 2020). The
role of technology in sports is presented through the
application of a various kind of technology development
and innovations to support sports activities. Wearable
devices are one example of technological developments in
sports (Wang, 2017). Falbriard et al. (2020), also tried to
develop wearable devices to measure the jumping height
and the body angle. It aims to measure the effectiveness
of the movements made by athletes. The results of these
measurements were used as evaluation material for athletes
and coaches to determine the appropriate training program.
The development of wearable devices that utilize magnetic
components and sensor system were also carried out in
hurdling training (Falbriard et al., 2020). However, there
are some other potential improvements to enhance the
utilization of the technology (Schmidt et al., 2020).

Sports Biomechanics Prevents Sports
Injury in Hurdling Training

The kinematics analysis performed in sports biome-
chanics has another role, which is to assess the potential for
injury related to the movements demonstrated by athletes
(Saleh et al., 2021). The motion analysis result will be exam-
ined by a team of sports injury experts to prevent potential
injuries (Hao, 2017). Motion observation could be conduct-
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ed by analysing the joint position or range of motion (ROM)
of an athlete’s body (Ahmad et al., 2017). An effective ROM
decreases the injury risk of the athlete, and vice versa (Park
etal, 2020). Li (2014), explained that the support of the feet
during take-off and landing will be considered to minimize
injuries to the knees and ankles during hurdling training
and competition. In conclusion, sports biomechanics has the
potential for injury screening and evaluation for every sport,
especially hurdling athletes.

Conclusions

Sports biomechanics research in hurdling shows a
dynamic development trend. The result of the systematic
review shows that sports biomechanics research on hurdling
training is more focused on analyzing two-dimensional
kinematics. The analysis was focused on hurdling athlete’s
range of motion (ROM), speed, and height. In addition, the
application of technological advances could potentially be
developed further. Recent studies show more reviews related
to injuries in hurdles sports. This statement is evidenced
by the screening results using the PRISMA method and
only obtained 15 relevant articles. Furthermore, sports
biomechanics research in hurdling training could be inquired
about broader and more varied factors correlating hurdles.

Based on these research data, the researcher suggests that
in future research, more in-depth research can be carried out
related to sports biomechanics in hurdling training. Analysis
of kinetics such as leg muscle power, agility, or flexibility
of athletes can be studied in future research. In addition,
research using special technology, artificial intelligence, and
big data for hurdling training and talent scouting can also be
done. Thus, the development of research in hurdles can be
more widespread and experience a significant increase.
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AHani3s cnopTuBHOI 6ioMexaHikn TpeHyBaHb
3 6ap’epHoro 6iry: CuctematnuHuin ornag

Myxamap Apidp Anb Appa'4*“P, Hypxacau'4*PE, Yatyp CymnpisaTo'*® %, Cayki CaBa

bikanaBan'®*“P, Uynr Biur SIur**"%, Aupika baro Iyrpo**“®, Anpunsu ITyrpa Bimantopo*®<P

'Cypabaiicbkuii lep>kKaBHUI YHIBEpCUTET
*Hanionanbunit yHiBepcuter imeni JJonr XBa
*BaHIyHICBKMIT iHCTUTYT TEXHOOTii
‘IIlaHXalICbKUIl YHIBEPCUTET CIIOPTY

ABTOpPCBHKMIT BKTAJ;: A — am3aits gocnipkenHs; B — 36ip ganux; C - crarananis; D - migroroska pykomnucy; E - 36ip komtis

Pedepar. Crartst: 9 c., 1 Tabi., 3 puc., 44 mxeper.

Icropia nutanus. Bap’epunit 6ir € JUHAMIYHNM | TeXHIYHO CKIAJHNUM BUJOM JIETKOI aTieTuku. [Ijis 3abe3nedeHHs OITHU-
Ma/IbHOI TeXHIYHOI MiITOTOBKM Ta JOCATHEHHsI BICOKMX pe3y/IbTaTiB HeoOXiffHa YHiKa/IbHa KOMOIHALLiSl MIBYAKOCTI, CIIPUTHOCTI,
KOOPAMHALiI Ta cuau. 3IaTHICTb JOCAITU YCHiXy B IIbOMY BUJi CIIOPTY 3a/IEKUTh Bijl BOJOJIHHA CIOPTCMEHOM 3a3HAYE€HMMU
KOMIIOHEHTaMU, 110 TPU3BOANTD IO 3POCTAHHA IHTepeCy /10 LIbOTO BUJY CIIOPTY 3 60KY HOCTiJHUIIBKOI CIIITbHOTY B CIIOPTUBHIII
HaylIli.

Mera gocniKeHH:A. MeTa IIbOro JOC/IIPKeHH IOJIATaia B OLiHII iCHYI0YMX HAyKOBMUX IIpallb y Talysi CIOpTUBHOI 6ioMexa-
HIKVI 1JO{0 TOTIIIIIIEHHsI IOKa3HMKIB Pe3y/IbTaTUBHOCTI y 6ap’ epHOMY 6iry.

Marepianu Ta MeTomu. JJocmimpKeHHA IPOBENEHO i3 BUKOPUCTAaHHAM MeTofosorii «llepeBakHi efeMeHTH 3BiTyBaHHA I/A
CMCTeMaTUYHNUX OIMIANIB Ta MeTa-aHami3iB» (PRISMA) sajia aHamisy pemeBaHTHOI miTepaTypu. 3araioM 15 HayKoBMX cTarTeid,
orry6rikoBauKx Mk 1990 i 2023 pokamu, 6y/i BU3Ha4eHi AK TaKi, 110 BiAMIOBIJaI0Th TeMATHIIi OCII/PKeHH, 1 BifiOpaHi i mpo-
BeJleHHs IOITINO/IEHOTO aHAIi3Y.

Pesynbrati. OTpuMaHi pe3y/nibraTi HOKas3au, 10 BOCIPKEHHs CIOPTUBHOI 6ioMeXaHiKyu TpeHyBaHb 3 Oap epHoro 6iry
HepeBaXKHO 30CepepKeHi Ha TaKMX K/II0YOBMX cepax: aHasIi3 KiHeMaTUKY, 3aCTOCYBAHHsI TEXHOJIOTII Ta BYBYEHHSI IIOTEHIIIITHIX
pusukis TpaBMaTyamMy. HesBaxkaloun Ha 3HaUHMII IPOTPeC, JOCATHYTUII Y pO3yMiHHI 6i0MeXaHiKM TpeHyBaHH:A 6ap €pHOro Oiry,
B JlaHiil HayKOBIIT IIpal}i BKasyeTbCst Ha HeOOXifHICTh MPOBEEHHs TOJAMBLINX i GI/IbII KOMIUIEKCHMX HOCTIIKeHb. B pamkax 3a-
3HAYEHMX JOCIIIKEeHb HEOOXiTHO MOIMMONTY BUBYEHH 6ioMeXaHIYHMX ¢)aKTopiB, 110 BIUIMBAIOTD HA PE3YNbTATUBHICTD CIIOPTC-
MEHiB 3 METOI0 PO3POOKM ONTYMATbHNX METOMIIB TPEHYBAHb i CTpaTeriil I0f0 3aM06iraHH:A TPaBMaTU3MY.

Bucnosku. IIpoBegennit aHasi3 MigKpec/I0€ BaXK/IMBICTh MPOJOBXEHHA NOCIIIKeHb y Liil Talysi, OCKi/IbKM MOTEHIiTHO
CIIpMsA€ BOCKOHAIEHHIO TPeHYBa/IbHUX IiIXO/iB Ta MOKPAIIeHHIO TOKAa3HUKIB CHOPTUBHOI pe3y/IbTaTUBHOCTI y 6ap’epHOMY Oiry.

KirouoBi cnoBa: TpeHyBaHHsA 3 6ap’ €pHOro 6iry, KiHeMaTHYHMII aHali3, 3aCTOCYBaHHA TEXHOJOTII, CIIOPTUBHI TPaBMHI, Ki-
HETUYHUII aHaTi3.
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